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Prefaee 


Congratulations! You have just purchased the most popular and eomprehensive set 
of anatomy flash eards available. Netter’s Anatomy Flash Cards offer a unique learning 
resource to supplement the anatomy textbook, atlas, or disseetion materials used in 
medieal, dental, nursing, allied health, and undergraduate courses in human anatomy. This 
set of eards draws on the timeless medieal illustrations of Frank H. Netter, MD, and includes 
not only the musculoskeletal system but also a review of important nerves, vessels, and 
viseeral structures not eommonly found in traditional flash eard sets. 

Eaeh 4x6 full-color eard details human anatomy as only Netter ean. The set is 
organized regionally in aeeordanee with Netter’s widely popular Atlas of Human Anatomy 
(i.e., Head and Neek; Baek and Spinal Cord; Thorax; Abdomen; Pelvis and Perineum; Upper 
Extremity; Lower Extremity). Within eaeh region, eards are arranged sequentially as follows: 
Bones and Joints; Muscles; Nerves; Vessels; and Viseera. Moreover, the image on eaeh 
eard is refereneed to the original plate in the Atlas of Human Anatomy, 6 th Edition. Because 
eaeh seetion opening eard is slightly taller, you ean easily pull out an entire seetion of eards 
for study. In addition, a eorner of eaeh eard is prepunched so that you ean insert it on the 
enelosed metal ring to keep an entire seetion of eards in the eorreet order. 

Eaeh eard includes a Comment seetion, which provides relevant information about the 
structure(s) depieted on the front of the eard, including detailed information for muscle 
origins, insertions, aetions, and innervation. Most eards also eontain a Clinical seetion that 
highlights the elinieal relevanee of the anatomy depieted on the front of the eard. Bonus 
online eontent is available at www.studentconsult.com using the serateh-off PIN eode on 
the first eard. Online eontent includes over 300 multiple-choice questions to test your 
retention of the material. These eards offer an accurate and ready source of anatomie 
information in an easy-to-use and portable format. 

Consensus regarding the speeifie anatomie details of such topies as muscle attaehments 
or the range of motion of joints ean vary eonsiderably among anatomy textbooks. In faet, 
human anatomie variation is eommon and normal. Consequently, the anatomie detail 
provided on these eards represents eommonly aeeepted information whenever possible. 

I am indebted to and wish to eredit the following superb sources and their authors or 
editors: 

Gray’s Anatomy for Students, 3rd ed. Drake R, Vogl W, Mitehell A. Philadelphia, Elsevier, 
2014. 

Gray’s Anatomy, 40th ed. Standring S. Philadelphia, Elsevier, 2008. 

Netter’s dinieal Anatomy, 3rd ed. Hansen JT. Philadelphia, Elsevier, 2014. 

eiinieally Oriented Anatomy, 7th ed. Moore KL, Dalley DR, Agur AMR. Philadelphia, 
Lippineott Williams & Wilkins, 2014. 

Grant’s Atlas of Anatomy, 13th ed. Agur AMR, Dalley AF. Philadelphia, Lippineott 
Williams & Wilkins, 2013. 

My hope is that the Netter Flash Cards will make learning more enjoyable and 
productive, and that the study of anatomy will inspire you with a sense of awe and respeet 
for the human form. 


John T. Hansen, PhD 

Professor and Assoeiate Dean 
Department of Neurobiology and Anatomy 
University of Roehester Medieal Center 
Roehester, New York 


Netter’s Anatomy Flash Cards 



Table of Contents 


Seetion 1: Head and Neek 


Seetion 2: Baek and Spinal Cord 


Seetion 3: Thorax 


Seetion 4: Abdomen 


Seetion 5: Pelvis and Perineum 


Seetion 6: Upper Limb 


Seetion 7: Lower Limb 


Netter’s Anatomy Flash Cards, 4th Edition 


















1-1 

1-2 
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1-10 

1-11 

1-12 

1-13 

1-14 

1-15 

1-16 


Head and Neek 

Cards 1-1 to 1-84 


Bones and Joints 

Skull: Anterior View 

Skull: Lateral View 

Skull: Midsagittal Seetion 

Lateral Wall of Nasal Cavity 

Oranial Base: Inferior View 

Foramina of Cranial Base: Superior View 

Mandible: Anterolateral Superior View 

Mandible: Left Posterior View 

Temporomandibular Joint 

Teeth 

Tooth 

Cervical Vertebrae: Atlas and Axis 
Extemal Craniocervical Ligaments 
Intemal Craniocervical Ligaments 
Cartilages of Larynx 
Auditory Ossieles 


Muscles 

1-17 Frontal Belly of Oeeipitofrontalis Muscle 

1-18 Oeeipital Belly of Oeeipitofrontalis Muscle 

1-19 Orbicularis Oculi 

1-20 Orbicularis Oris 

1-21 Buccinator 

1-22 Platysma 

1-23 Muscles of Faeial Expression: Lateral View 
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Head and Neek 

Cards 1-1 to 1-84 

1-24 Levator Palpebrae Superioris 
1-25 Extrinsic Eye Muscles 
1-26 Temporalis 
1-27 Masseter 
1-28 Medial Pterygoid 

1-29 Lateral Pterygoid 

1-30 Mylohyoid 
1-31 Geniohyoid 
1-32 Genioglossus 
1-33 Hyoglossus 
1-34 Styloglossus 
1-35 Levator Veli Palatini 

1-36 Tensor Veli Palatini 

1-37 Roof of Mouth 

1-38 Superior Pharyngeal Constrictor 
1-39 Middle Pharyngeal Constrictor 

1-40 Inferior Pharyngeal Constrictor 

1-41 Stylopharyngeus 
1-42 Sternoeleidomastoid 
1-43 Sternohyoid 
1-44 Sternothyroid 
1-45 Omohyoid 
1-46 Thyrohyoid 
1-47 Cricothyroid 
1-48 Stylohyoid 
1-49 Digastrie 
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Head and Neek 

Cards 1-1 to 1-84 



1-50 0blique Arytenoids and Transverse Arytenoids 

1-51 Posterior Crico-arytenoid 

1-52 Muscles of Larynx 

1-53 Sealene Muscles 

1-54 Longus Oapitis and Longus Oolli 


Nerves 

1-55 Cutaneous Nerves of Head and Neek 
1-56 Faeial Nerve Branehes 

1-57 Oculomotor, Troehlear, and Abducent Nerves: 

Sehema 

1-58 Nerves of Orbit 
1-59 Mandibular Nerve (V 3 ) 

1-60 Nerves of Nasal Oavity 

1-61 Pterygopalatine Fossa 

1-62 Autonomic Nerves in Head 

1-63 Orientation of Nerves and Vessels of the Oranial 

Base 

1-64 Vestibulocochlear Nerve: Sehema 
1-65 Glossopharyngeal Nerve 
1-66 Oervieal Plexus In Situ 


Vessels 

1-67 Superficial Veins and Arteries of Neek 
1-68 Subclavian Artery 
1-69 Oarotid Arteries 
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Head and Neek 

Cards 1-1 to 1-84 

1-70 Maxillary Artery 

1-71 Arteries of Oral and Pharyngeal Regions 
1-72 Veins of Oral and Pharyngeal Regions 
1-73 Arteries of Brain: Inferior View 
1-74 Dural Venous Sinuses 

1-75 Sehematie of Meninges 

Viseera 

1-76 Superficial Faee and Parotid Gland 

1-77 Laerimal Apparatus 

1-78 Eyeball: Horizontal Seetion 
1-79 Anterior and Posterior Ohambers of the Eye 
1-80 Ear: Frontal Seetion 

1-81 Lateral VVall of Nasal Oavity 

1-82 Salivary Glands 

1-83 Parathyroid and Thyroid Glands: Posterior View 
1-84 Pharynx: Opened Posterior View 
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Skiill: Anterior View 





Head and Neek 



















Skiill: Anterior View 


1 . 

Frontal bone 

6. 

Infra-orbital foramen 

2. 

Supra-orbital noteh 

7. 

Maxilla 


(foramen) 

8. 

Mental foramen 

3. 

Nasal bone 

9. 

Mandible 

4. 

5. 

Laerimal bone 

Zygomatie bone 

10 . 

Temporal bone 


Comment: The skull bones are fused together at immovable, fibrous 
joints, such as the sutures. 

The 2 general elasses of skull bones are eranial bones (8 bones), 
which enelose the brain, and faeial bones (14 bones). The 8 eranial 
bones are the frontal, oeeipital, ethmoidal, and sphenoidal bones, 
a pair of temporal bones, and a pair of parietal bones. 

Assoeiated bones of the skull include the auditory ossieles (3 in eaeh 
middle ear eavity) and the unpaired hyoid bone. The skull and 
assoeiated bones constitute 29 different bones (the 32 adult teeth 
are part of the mandible and maxilla and are not counted separately). 


eiinieal: Midfaee fractures are elassified elinieally as Le Fort 
fractures: 

• Le Fort I: horizontal fracture detaehing the maxilla along the 
nasal floor 

• Le Fort II: pyramidal fracture that includes both maxillae, 
nasal bones, infra-orbital rims, and orbital floors 

• Le Fort III: includes the Le Fort II fracture and both zygomatie 
bones; may cause airway obstmetion, nasolaerimal 
obstmetion, and eerebrospinal fluid (CSF) leakage 
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Skiill: Lateral View 





Head and Neek 















Skiill: Lateral Vìew 


1. 

Parietal bone 

7. 

Oeeipital bone (External 

2. 

Ooronal suture 


oeeipital protuberance) 

3. 

Sphenoidal bone 

8. 

Lambdoid suture 

4. 

Laerimal bone 

9. 

Temporal bone (Squamous 

5. 

Maxilla (Frontal proeess; 


part; Zygomatie proeess; 


Alveolar proeess) 


External acoustic meatus; 

6. 

Zygomatie bone 


Mastoid proeess) 


Comment: This lateral view shows many bones of the eraniiim 
and some of the sutures of the skull, the immovable fibrous joints 
between adjaeent skull bones. The eoronal suture lies between the 
frontal bone and the paired parietal bones. The lambdoid suture lies 
between the paired parietal bones and the oeeipital bone. 

The pterion is the site of union of the frontal, parietal, sphenoidal, 
and temporal bones. A blow to the head or a skull fracture in this 
region is dangerous because the bone at this site is thin, and the 
middle meningeal artery, supplying the dural eovering of the brain, 
lies just deep to this area. The asterion is the site of union of the 
temporal, parietal, and oeeipital bones. 

Clinical: Skull fractures may be elassified as: 

• Linear: have a distinet fracture line 

• Comminuted: have multiple bone fragments (depressed if 
driven inwardly, which ean tear the dura mater) 

• Diastasie: a fracture along a suture line 

• Basilar: a fracture of the base of the skull 

A blow to the pterion may damage the middle meningeal artery 
(or one of its branehes), which lies just deep to this thin area of 
bone, causing an epidural (extradural) hematoma (bleeding 
between the periosteal layer of dura and the overlying bone). 
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Skiill: Midsagittal Seetion 




Head and Neek 
















Skiill: Midsagittal Seetion 


1. 

Sphenoidal bone (Greater 

5. 

Vomer 


wing; Lesser wing; Sella 

6. 

Palatine bone 


turcica; Sphenoidal sinus) 

7. 

Oeeipital bone 

2. 

Frontal bone (Frontal sinus) 

8. 

Temporal bone (Squamous 

3. 

Ethmoidal bone 


part; Petrous part) 


(Perpendicular plate) 

9. 

Parietal bone 

4. 

Maxilla (ineisive eanal; 




Palatine proeess) 




Comment: Note the interior of the cranium and the nasal septum. 
The 8 eranial bones enelosing the brain include the unpaired frontal, 
oeeipital, ethmoidal, and sphenoidal bones and the paired temporal 
and parietal bones. The 14 faeial bones include the paired laerimal, 
nasal, palatine, inferior turbinate (not shown), maxillary, and 
zygomatie (not shown) bones and the unpaired vomer and mandible 
(not shown). 

The nasal septum is formed by the perpendicular plate of the 
ethmoidal bone, the vomer, and the palatine bones and septal 
eartilages. 

The petrous portion of the temporal bone eontains the middle and 
inner ear eavities and the vestibular system. 


eiinieal: A blow to the skull that results in a fracture ean tear 
the underlying periosteal layer of dura mater, which ean result 
in an epidural (extradural) hematoma and/or leakage of the 
eerebrospinal fluid (CSF). 

A slight deviation of the nasal septum is eommon. However, if 
the deviation is severe or a result of trauma, it may be eorreeted 
surgically so as not to interfere with breathing. 
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Lateral Wall of Nasal Cavity 



Head and Neek 
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Lateral Wall of Nasal Cavity 


1. Frontal bone (sinus) 

2. Nasal bone 

3. Major alar eartilage 

4. Maxilla (Frontal proeess; ineisive eanal; Palatine proeess; 

Alveolar proeess) 

5. Inferior nasal eoneha 

6 . Palatine bone (Perpendicular plate; Horizontal plate) 

7. Sphenoidal bone (Sphenoidal sinus; Medial and Lateral plates of 
pterygoid proeess; Pterygoid hamulus of the medial plate) 

8 . Ethmoidal bone (Middle nasal eoneha; Cribriform plate; Superior 
nasal eoneha) 

9. Laerimal bone 

Comment: The lateral wall of the nasal eavity prominently displays 
the superior and middle eonehae (ealled turbinates when eovered 
with mucosa) of the ethmoidal bone and the inferior eoneha. Portions 
of other bones, including the nasal bone, maxilla, laerimal bone, 
palatine bone, and sphenoidal bone, contribute to the lateral wall. 

The palatine proeesses of the maxillae and the horizontal plates of 
the palatine bones make up the hard palate. 


Clinical: The pituitary gland lies in the hypophyseal fossa, a 
depression seen just superior to the sphenoidal sinus in the 
sphenoidal bone. The pituitary gland ean be approaehed 
surgically through the nasal eavity by entering the sphenoidal 
sinus and then direetly entering the hypophyseal fossa. 
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Atlas Plate 37 
See also Plate 8 






ranial Base: Inferior View 
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Cranial Base: Inferior View 


1. Maxilla (ineisive fossa; Palatine proeess; Zygomatie proeess) 

2. Zygomatie bone 

3. Sphenoidal bone (Medial plate; Lateral plate; Greater wing) 

4. Temporal bone (Zygomatie proeess; Mandibular fossa; Styloid 
proeess; External acoustic meatus; Mastoid proeess) 

5. Parietal bone 

6 . Oeeipital bone (Oeeipital eondyle; Basilar part; Foramen 
magnum; External oeeipital protuberance) 

7. Vomer 

8 . Palatine bone (Horizontal plate) 

Comment: Oranial bones and faeial bones contribute to the base of 
the skull. Key proeesses and foramina assoeiated with these bones 
ean be seen in this inferior view. 

The largest foramen of the skull is the foramen magnum, the site 
where the spinal eord and brainstem (medulla oblongata) are 
continuous. 


eiinieal: Basilar fractures (fractures of the eranial base) may 
damage important neurovascular structures passing into or out 
of the cranium via foramina (openings). The internal earotid artery 
may be torn, eranial nerves may be damaged, and the dura 
mater may be torn, resulting in leakage of the eerebrospinal fluid 
(CSF). 
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Foramina of Cranial Base: 

Superior View 
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Foramina of Oranial Base: 
Superior View 



1. Foramina of eribriform plate (Olfaetory nerve bundles) 

2. Optie eanal (Optie nerve [CN II]; Ophthalmie artery) 

3. Superior orbital fissure (Oculomotor nerve [CN III]; Troehlear 
nerve [CN IV]; Laerimal, frontal, and nasoeiliary branehes of 
ophthalmie nerve [CN V^]; Abducent nerve [CN VI]; Superior 
ophthalmie vein) 

4. Foramen rotundum (Maxillary nerve [CN V 2 ]) 

5. Foramen ovale (Mandibular nerve [CN V 3 ]; Aeeessory meningeal 
artery; Lesser petrosal nerve [oeeasionally]) 

6. Foramen spinosum (Middle meningeal artery and vein; 
Meningeal braneh of mandibular nerve) 

7. Foramen laeemm 

8. Carotid eanal (Internal earotid artery; Internal earotid nerve 
plexus) 

9. Internal acoustic meatus (Faeial nerve [CN VII]; 
Vestibulocochlear nerve [CN VIII]; Labyrinthine artery) 

10. Jugular foramen (Inferior petrosal sinus; Glossopharyngeal 

nerve [CN IX]; Vagus nerve [CN X]; Aeeessory nerve [CN XI]; 
Sigmoid sinus; Posterior meningeal artery) 

11. Hypoglossal eanal (Hypoglossal nerve [CN XII]) 

12. Foramen magnum (Medulla oblongata; Meninges; Vertebral 

arteries; Meningeal branehes of vertebral arteries; Spinal roots 
of aeeessory nerves) 

Comment: Key structures passing through eaeh foramen are noted 

in parentheses. 


eiinieal: Fractures or trauma involving any of these foramina 
may result in elinieal signs and symptoms assoeiated with the 
neurovascular elements passing through the foramina. Thus, it is 
important to know these structures and their relationships to the 
eranial base. 
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Mandible: Anterolateral Superior View 
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Mandíble: Anterolateral Superior View 


1. Oondylar proeess (head and neek) 

2 . Coronoid proeess 

3. Siibmandibiilar fossa 

4. Mylohyoid line 

5. Mental foramen 

6 . Mental protiiberanee 

7. Body 

8 . Ramus 

Comment: The mandible, or lower jaw, eontains the mandibular 
teeth and the mandibular foramen. The inferior alveolar neurovascular 
bundle passes through the mandibular foramen; it innervates the 
mandibular teeth and supplies them with blood. The nerve ends as a 
cutaneous braneh that exits the mental foramen (mental nerve). 

The eondylar proeess of the mandible articulates with the temporal 
bone, forming the temporomandibular joint. 

Because of its vulnerable loeation, the mandible is the 2nd most 
eommonly fractured faeial bone (the nasal bone is Ist). The most 
eommon sites of fracture are the cuspid (eanine tooth) area and the 
3rd molar area. 


Clinical: Fractures of the mandible are fairly eommon. The 
mandible’s U shape renders it liable to multiple fractures, which 
occur in over 50% of eases. The most eommon sites of fracture 
are the cuspid (eanine tooth) area and the area just anterior to 
the 3rd molar (wisdom tooth) area. When fractured, blood oozing 
from the mandible may eolleet in the loose tissues of the floor of 
the mouth, above the mylohyoid muscle. 
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Atlas Plate 17 







Mandible: Left Posterior Víew 
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Mandíble: Left Posterior View 


1. Oondylar proeess 

2. Lingiila 

3. Mandibular foramen 

4. Mylohyoid groove 

5. Submandibular fossa 

6 . Sublingual fossa 

7. Mental spines 

Comment: The inferior alveolar neurovascular bundle enters the 
mandibular foramen and courses through the bony mandible to 
supply the mandibular teeth and gums. 

Depressions, or fossae, on the medial side of the mandible mark the 
loeations of the submandibular and sublingual salivary glands. 


Clinical: The mandible is the strongest and largest of the faeial 
bones, and its landmarks are used for dental anesthesia via 
intraoral injeetions. Properly performed, the infiltrating anesthetie 
anesthetizes the inferior alveolar nerve and lingual nerve 
ipsilaterally (on the same side as the injeetion) where they lie 
in the pterygomandibular spaee proximal to the mandibular 
foramen. This will anesthetize the mandibular teeth (inferior 
alveolar nerve), the epithelium of the anterior two-thirds of the 
tongue (lingual nerve), all the lingual mucosa and lingual gingiva 
(gums) (lingual nerve), all the buccal mucosa and buccal gingiva 
from the premolars to the midline (mental nerve-terminal braneh 
of the inferior alveolar nerve), and the skin of the lower lip (also 
via the mental nerve) ipsilaterally. 
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Temporomandibiilar Joint 


Lateral view 



Jaws elosed 



Jaws widely 

opened 

(hinge and gliding 
aetions eombined) 
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Temporomandibiilar Joint 


1. Joint capsule 

2 . Lateral (temporomandibular) ligament 

3 . Sphenomandibular ligament (phantom) 

4 . Stylomandibular ligament 

5 . Mandibular fossa 

6 . Articular dise 

7 . Articular tubercle 

8 . Joint capsule 

Comment: The temporomandibular joint is the synovial joint 
between the mandibular fossa and the articular tubercle of the 
temporal bone and head of the mandible. The joint’s 2 synovial 
eavities are separated by an articular dise of fibroeartilage. 

This unique joint eombines an upper uniaxial gliding joint, for forward 
gliding (protmsion) and backward gliding (retraetion) movements and 
some side-to-side motion, with a lower uniaxial hinge joint, below the 
articular dise, for elosing (elevation of) and opening (depression of) 
the jaw. 

This joint eontains an articular capsule and is reinforeed by the lateral 
and sphenomandibular ligaments. 


Clinical: The temporomandibular joint (TMJ) has both a hinge 
aetion and a gliding or sliding aetion. TMJ problems affeet about 
25% of the population and ean result from trauma, arthritis, 
infeetion, elenehing or grinding of the teeth (bruxism), or 
displaeement of the articular dise. TMJ problems are more 
eommon in women than men. 


Head and Neek 
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Teeth 




Upper permanent teeth 


5 



Lovver permanent teeth 
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Teeth 


1. Ineisive fossa 

2 . Palatine proeess of maxilla 

3. Horizontal plate of palatine bone 

4 . Greater and lesser palatine foramina 

5. Oentral ineisor 

6. Lateral ineisor 

7 . Canine 

8. Ist premolar 

9 . 2nd premolar 

10. Ist molar 

11. 2nd molar 

12 . 3rd molar 

Comment: Humans have 2 sets of teeth: the deciduous teeth, 
which total 20, and the permanent teeth (shown in this illustration), 
which total 32 (16 maxillary and 16 mandibular teeth). 

Permanent teeth in eaeh quadrant of the jaw (mandible and maxilla) 
include 2 ineisors, 1 eanine, 2 premolars, and 3 molars. The 3rd 
molars are often referred to as the wisdom teeth. 

The maxillary teeth are innervated by the posterior, middle, and 
anterior alveolar branehes of the maxillary nerve. The mandibular 
teeth are innervated by the inferior alveolar braneh of the mandibular 
nerve. 


eiinieal: Because of its vulnerable loeation, the mandible is the 
2nd most eommonly fractured faeial bone (the nasal bone is Ist). 
The most eommon sites of fracture are the cuspid (eanine tooth) 
area and just anterior to the 3rd molar area. 
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Tooth 
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Tooth 


1. Crown 

2 . Neek 

3. Root 

4 . Enamel (Siibstantia adamantina) 

5. Dentine and dentinal tubules (Substantia eburnea) 

6. Dental pulp eontaining vessels and nerves 

7 . Gingival (gum) epithelium (stratified) 

8. Periodontium (Alveolar periosteum) 

9 . Cement (Cementum) 

10. Root (eentral) eanals eontaining vessels and nerves 

11 . Apieal foramina 

Comment: Eaeh tooth is eomposed of an enamel-eovered crown, 
dentine, and pulp. The pulp fills a eentral eavity and is continuous 
with the root eanal. Blood vessels, nerves, and lymphaties enter the 
pulp through an apieal foramen. 

The crown projeets above the gum, or gingival surface. The narrow 
portion between the crown and root is ealled the neek. The root is 
embedded in the alveolar bone of the maxilla or mandible and is 
eovered by eement, which is eonneeted to the alveolar bone by the 
periodontal ligament. 


eiinieal: Dental earies (tooth deeay) is caused by oral baeteria 
that eonvert food into aeids that then form dental plaque (a 
eombination of baeteria, food partieles, and saliva). Foods rieh in 
sugars and stareh may inerease one’s risk for forming plaque. If 
not removed by bmshing, the plaque ean mineralize and form 
tartar. Aeid in the dental plaque ean erode the tooth enamel and 
ereate a eavity. This may occur even though enamel (an acellular 
mineralized tissue) is the hardest material in the human body, 
eonsisting of 96% to 98% calcium hydroxyapatite. 
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Cervical Vertebrae: Atlas and Axis 




Axis (C2): 
anterior view 



6 

Atlas (C1): 
inferior view 



Axis (C2): 

posterosuperior view 
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Cervical Vertebrae: Atlas and Axis 


1. Anterior tubercle 

2 . Transverse proeess 

3 . Superior articular surface of lateral mass for oeeipital eondyle 

4 . Groove for vertebral artery 

5 . Transverse foramen 

6 . Anterior areh 

7 . Spinous proeess 

8 . Dens 

9 . Superior articular faeet for atlas 
10 . Pediele 

Comment: The Ist eervieal vertebra is the atlas. It is named after 
the Greek god Atlas, who is often depieted with the world on his 
shoulders. The atlas has no body or spine but is made of anterior 
and posterior arehes. The transverse proeesses eontain a foramen 
that transmits the vertebral vessels. 

The 2nd eervieal vertebra is the axis. Its most eharaeteristie feature is 
the dens (odontoid proeess). The dens articulates with the anterior 
areh of the atlas, providing a pivot about which the atlas and head 
ean rotate (side-to-side aetion of the head, as in indieating “no”). 


eiinieal: A blow to the top of the head may fracture the atlas, 
usually aeross the anterior and posterior arehes. Such a fracture 
is ealled a Jefferson fracture. Fractures of the axis often involve 
the dens or involve a fracture aeross the neural areh between 
the superior and inferior articular faeets. This is referred to as a 
“hangman” fracture. 
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External Craniocervical Ligaments 


Posterior view 
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External Craniocervical Ligaments 


1. Posterior atlanto-oeeipital membrane 

2 . Capsule of atlanto-oeeipital joint 

3. Transverse proeess of atlas (C1) 

4 . Capsule of lateral atlanto-axial joint 

5. Ligamenta flava 

6. Capsule of atlanto-oeeipital joint 

7 . Posterior atlanto-oeeipital membrane 

8. Ligamenta flava 

9 . Ligamentum nuchae 

10. Anterior longitudinal ligament 

11. Vertebral artery 

eomment: The atlanto-oeeipital joint, on eaeh side, is eovered with 
an articular capsule and posteriorly reinforeed by the posterior 
atlanto-oeeipital membrane. 

The ligamentum nuchae is a strong median fibrous septum. It is an 
extension of the thiekened supraspinous ligaments that arise from 
the spinous proeess of C7 and extend to the external oeeipital 
protuberance. 


eiinieal: VVhile there are usually 7 eervieal vertebrae, fusion of 
adjaeent vertebrae ean occur. Most eommonly, this fusion in the 
eervieal region is seen between C1 and C2 (the atlas and axis) or 
between C5 and C6. 
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Internal Craniocervical Ligaments 




™ 4 









Upper part of vertebral 
eanal with spinous 
proeesses and parts of 
vertebral arehes removed 
to expose ligaments on 
posterior vertebral bodies 
posterior view 


Prineipal part of teetorial 
membrane removed 
to expose deeper ligaments 
posterior view 



4 



Head and Neek 


1-14 
















Internal Craniocervical Ligaments 


1. Capsule of atlanto-oeeipital joint 

2 . Capsule of lateral atlanto-axial joint 

3 . Capsule of zygapophysial joint (C2-3) 

4 . Cruciate ligament (Superior longitudinal band; Transverse 
ligament of atlas; Inferior longitudinal band) 

5 . Alar ligaments 

6 . Posterior longitudinal ligament 

7 . Teetorial membrane 

Comment: The atlanto-oeeipital joint is a biaxial eondyloid synovial 
joint between the atlas and the oeeipital eondyles. It permits flexion 
and extension, as when the head is nodded up and down, and some 
lateral bending. 

The atlanto-axial joints are uniaxial synovial joints. They eonsist of 
plane joints assoeiated with the articular faeets and a median pivot 
joint between the dens of the axis and the anterior areh of the atlas. 
The atlanto-axial joint permits the atlas and head to be rotated as a 
single unit, as when the head is turned from side to side. 

These joints are reinforeed by ligaments, espeeially the emeiate and 
alar ligaments. The alar ligaments limit rotation. 


eiinieal: Osteoarthritis is the most eommon form of arthritis and 
often involves erosion of the articular eartilage of weight-bearing 
joints, including the eervieal spine. Extensive thinning of the 
intervertebral dises and of the eartilage eovering the faeet joints 
ean lead to hyperextension of the eervieal spine, narrowing of the 
intervertebral foramen, and the potential for impingement of the 
spinal nerves exiting the intervertebral foramen. 
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Cartilages of Larynx 



Anterior view 


Posterior view 
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Cartilages of Larynx 


1. Epiglottis 

2 . Hyoid bone 

3 . Thyrohyoid membrane 

4 . Arytenoid eartilage 

5 . Thyroid eartilage lamina 

6 . Voeal ligament 

7 . Median erieothyroid ligament 

8 . Cricoid eartilage 

9 . Traehea 

eomment: The eartilages of the larynx include the thyroid eartilage, 
erieoid eartilage, epiglottis, and the paired arytenoid, corniculate, and 
cuneiform eartilages. 

Not shown in the illustration are the cuneiform eartilages. These 
paired elastie eartilages lie in the ary-epiglottie folds and have no 
articulations with other eartilages or bones. 

The thyroid eartilage possesses the anteriorly plaeed laryngeal 
prominenee, or Adam’s apple. 

The thyrohyoid membrane has an opening through which the internal 
braneh of the superior laryngeal nerve enters the larynx to provide 
sensory innervation above the voeal folds. 


Clinical: Trauma to the eartilages of the larynx may result in 
fractures. Consequently, the underlying laryngeal mucosa and 
submucosa may hemorrhage, resulting in signifieant edema and 
the potential for airway obstmetion. Llltimately, such an injury 
may result in hoarseness as the voeal folds swell and/or are 
eompromised by the damage (muscle or nerve damage), making 
speaking difficult or impossible. 
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Aiiditory Ossieles 
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Aiiditory Ossieles 


1. Malleus (head) 

2 . Handle of malleus 

3 . Stapes 

4 . Base of stapes (footplate) 

5 . Lenticular proeess of incus 

6 . Incus 

Comment: The 3 auditory ossieles reside in the middle ear, or 
tympanie eavity. They amplify sonie vibrations from the tympanie 
membrane and transmit them to the inner ear. 

The 3 ear ossieles are the malleus (hammer), incus (anvil), and stapes 
(stirmp). The handle of the malleus is fused with the medial aspeet of 
the tympanie membrane; the head articulates with the incus. The 
incus articulates with the stapes, whose footplate is attaehed to the 
oval window. 


Clinical: Two small muscles attaeh to the auditory ossieles; the 
tensor tympani muscle attaehes to the malleus and the stapedius 
muscle to the stapes. These very small skeletal muscles dampen 
large vibrations resulting from excessively loud noises. 
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Muscles of Faeial Expression: 

Lateral View 
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Miiseles of Faeial Expression: 
Lateral View 



1. Frontal belly of oeeipitofrontalis muscle 

Origin: This muscle has no bony origin, and its fibers arise and are 
continuous with 2 other anterior faeial muscles, the proeems and the 
eormgator supercilii. 

Insertion: The fibers are direeted upward. They join the galea 
aponeurotica anterior to the eoronal suture. 

Aetion: Elevates the eyebrows and wrinkles the forehead, as when a 
person looks surprised. 

Innervation: Terminal branehes of the faeial nerve; temporal braneh. 

eomment: The epicranius muscle eonsists largely of the frontal and 
oeeipital bellies and an intervening galea aponeurotica (aponeurosis). 

As a muscle of faeial expression, this cutaneous muscle lies within 
the layers of the superficial faseia. These muscles vary from person 
to person, and they often blend together. 


Clinical: All of the muscles of faeial expression are derived 
embryologieally from the 2nd pharyngeal (branehial) areh and are 
innervated by the terminal branehes of the faeial nerve (CN VII). 
Acute, unilateral faeial palsy is the most eommon cause of faeial 
muscle weakness and is ealled Bell’s palsy. In Bell’s palsy, 
paralysis of the frontalis portion of the epicranius muscle would 
result in an inability to raise one’s eyebrows and wrinkle the 
forehead skin. 
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Muscles of Faeial Expression: 

Lateral View 
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Muscles of Faeial Expression: 
Lateral VIew 



1. Oeeipital belly of oeeipitofrontalis muscle 

Origin: Arises from the lateral two-thirds of the superior nuchal line 
of the oeeipital bone and the mastoid proeess of the temporal bone. 

Insertion: Inserts into the epieranial aponeurosis. 

Aetion: The oeeipital and frontal bellies of the epieranial muscle aet 
together to draw baek the sealp. This aetion raises the eyebrows and 
wrinkles the forehead. 

Innervation: Terminal branehes of the faeial nerve; temporal braneh. 

eomment: The extensive aponeurosis ealled the galea aponeurotica 
eonneets the frontal belly and oeeipital belly of the epieranial muscle. 

As a muscle of faeial expression, this cutaneous muscle lies within 
the layers of the superficial faseia. These muscles vary from person 
to person, and they often blend together. 


Clinical: All of the muscles of faeial expression are derived 
embryologieally from the 2nd pharyngeal (branehial) areh and are 
innervated by the terminal branehes of the faeial nerve (CN VII). 
Acute, unilateral faeial palsy is the most eommon cause of faeial 
muscle weakness and is ealled Bell’s palsy. In Bell’s palsy, 
paralysis of the oeeipitalis portion of the epicranius muscle would 
result in an inability to raise one’s eyebrows or wrinkle the skin of 
the forehead. 
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Muscles of Faeial Expression: 

Lateral View 
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Muscles of Faeial Expression: 
Lateral VIew 



1. Orbicularis oculi muscle 

Origin: Arises from the nasal portion of the frontal bone, the frontal 
proeess of the maxilla, the laerimal bone, and the medial palpebral 
ligament. 

Insertion: Attaehes to the skin of the eyelids, surrounds the bony 
orbit, and inserts into the superior and inferior tarsi medial to the 
laerimal puncta. 

Aetion: This muscle is a sphineter that eloses the eyelids. Its 
palpebral portion eloses the lids gently, as in blinking. The orbital 
portion eloses the eyelids more foreibly. 

Innervation: Terminal branehes of the faeial nerve; primarily the 
zygomatie braneh. 

eomment: The orbicularis oculi has 3 parts: an orbital part, which is 
thieker and surrounds the orbital margin; a palpebral part, which is 
thin and lies in the eyelids; and a laerimal part. 

As a muscle of faeial expression, this cutaneous muscle lies within 
the layers of the superficial faseia. 


Clinical: All of the muscles of faeial expression are derived 
embryologieally from the 2nd pharyngeal (branehial) areh and are 
innervated by the terminal branehes of the faeial nerve (CN VII). 
Acute, unilateral faeial palsy is the most eommon cause of faeial 
muscle weakness and is ealled Bell’s palsy. In Bell’s palsy, 
paralysis of the orbicularis oculi would result in an inability to 
wink or elose the eyelid ipsilaterally, with the potential for 
damage to the eornea because the tear film would not be evenly 
distributed aeross the eornea’s surface. 
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Miiseles of Faeial Expression: 

Lateral View 
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Muscles of Faeial Expression: 
Lateral VIew 



1. Orbicularis oris muscle 

Origin: Fibers arise near the median plane of the maxilla above and 
from the mandible below. 

Insertion: Fibers insert into the skin of the lips and into the mucous 
membrane beneath the lip. 

Aetion: This muscle aets primarily to elose the lips. Its deep and 
oblique fibers pull the lips toward the teeth and alveolar arehes. 

When all of its fibers aet together, they ean protmde the lips. 

Innervation: Terminal branehes of the faeial nerve; primarily the 
mandibular braneh. 

Oomment: A major portion of this muscle is derived from the 
buccinator and blends with other faeial muscles around the oral 
eavity. This muscle is espeeially important in speeeh because it alters 
the shape of the mouth. 

As a muscle of faeial expression, this cutaneous muscle lies within 
the layers of the superficial faseia. 


eiinieal: All of the muscles of faeial expression are derived 
embryologieally from the 2nd pharyngeal (branehial) areh and are 
innervated by the terminal branehes of the faeial nerve (CN VII). 
Acute, unilateral faeial palsy is the most eommon cause of faeial 
muscle weakness and is ealled Bell’s palsy. In Bell’s palsy, 
paralysis of the orbicularis oris would result in an inability to 
ipsilaterally purse the lips, as in kissing someone, or protmde 
the lips. 
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Miiseles of Faeial Expression: 

Lateral View 
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Muscles of Faeial Expression: 
Lateral VIew 



1. Buccinator muscle 

Origin: Arises from the mandible, pterygomandibular raphe, and 
alveolar proeesses of the maxilla and mandible. 

Insertion: Attaehes to the angle of the mouth. 

Aetion: Contraction of this muscle presses the eheek against the 
molar teeth and aids in ehevving. This muscle also ean expel air from 
the mouth, as vvhen a musician plays a vvoodvvind or brass 
instmment. 

Innervation: Terminal branehes of the faeial nerve; buccal braneh. 

eomment: By pressing the eheek against the teeth, the buccinator 
holds food betvveen the molars. VVhen the muscle eontraets too 
forcefully during ehevving, the teeth bite the eheek. 

The term buccinator is Latin for “trumpet player.” This muscle may 
be vvell developed in a tmmpet player. The buccinator is a muscle of 
faeial expression. 

Fibers of this muscle blend vvith other muscles around the mouth. 


Clinical: All of the muscles of faeial expression are derived 
embryologieally from the 2nd pharyngeal (branehial) areh and are 
innervated by the terminal branehes of the faeial nerve (CN VII). 
Acute, unilateral faeial palsy is the most eommon cause of faeial 
muscle vveakness and is ealled Bell’s palsy. In Bell’s palsy, 
paralysis of the buccinator muscle would result in an inability to 
ipsilaterally suck one’s eheek inward. 
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Miiseles of Faeial Expression: 

Lateral View 
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Muscles of Faeial Expression: 
Lateral VIew 



1. Platysma muscle 

Origin: Arises from the superficial faseia eovering the superior 
portions of the peetoralis major and deltoid muscles. 

Insertion: Aseends over the elaviele and is direeted medially to 
insert into the mandible below the oblique line. Other portions of the 
muscle insert into the skin and subcutaneous tissue of the lower 
portion of the faee. 

Aetion: Draws the lower lip and eorner of the mouth inferolaterally 
and partially opens the mouth, as during an expression of surprise. 
When all the fibers aet together, the skin over the elaviele and lower 
neek is wrinkled and drawn upward toward the mandible. 

Innervation: Terminal branehes of the faeial nerve; eervieal braneh. 

eomment: As a muscle of faeial expression, this cutaneous muscle 
lies within the layers of the superficial faseia. 


Clinical: All of the muscles of faeial expression are derived 
embryologieally from the 2nd pharyngeal (branehial) areh and are 
innervated by the terminal branehes of the faeial nerve (CN VII). 
Acute, unilateral faeial palsy is the most eommon cause of faeial 
muscle weakness and is ealled Bell’s palsy. In Bell’s palsy, 
paralysis of the platysma muscle would result in an inability to 
ipsilaterally draw the eorner of the lip downward and tense the 
skin of the neek between the elaviele and the mandible. 
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Miiseles of Faeial Expression: 

Lateral View 
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Muscles of Faeial Expression: 
Lateral VIew 



1 . 

Auricularis superior muscle 

7 . 

Zygomaticus minor and 

2 . 

Auricularis anterior muscle 


major muscles 

3 . 

Epieranial aponeurosis 

8 . 

Mentalis muscle 

4 . 

Corrugator supercilii 

9 . 

Depressor labii inferioris 


muscle (Frontalis and 


muscle 


Orbicularis oculi, partially 

10 . 

Depressor anguli oris 


cut away) 


muscle 

5 . 

Proeems muscle 

11 . 

Risorius muscle 


6 . Nasalis muscle (Transverse 
part; Alar part) 

Comment: This lateral view shows additional muscles of faeial 
expression. The muscles around the eyes, ears, nose, and mouth 
blend with muscles of the lips, ehin, and eheek. All are innervated by 
terminal branehes of the faeial nerve. 

As muscles of faeial expression, these cutaneous muscles lie within 
the layers of the superficial faseia. They vary from person to person, 
and they often blend together. 

All of the muscles of faeial expression are derived embryologieally 
from the 2nd pharyngeal (branehial) areh and are innervated by the 
faeial nerve (CN VII). 


eiinieal: Paralysis of the faeial nerve’s branehiomotor fibers 
(motor to the skeletal muscles of faeial expression derived from 
the 2nd branehial areh) results in Bell’s palsy. Ipsilateral faeial 
muscle paralysis results in an asymmetrie faeial appearanee, with 
an inability to wrinkle the skin of the forehead, elose the eyelids, 
smile, frown, purse the lips (as in kissing), and tighten the skin of 
the neek. 
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Extrinsic Eye Muscles 



Right lateral view 
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Extrinsic Eye Muscles 


1. Levator palpebrae superioris muscle 

Origin: Arises from the lesser wing of the sphenoidal bone, anterior 
and superior to the optie eanal. 

Insertion: Attaehes to the skin and tarsal plate of the upper eyelid. 
Aetion: Raises the upper eyelid. 

Innervation: Oculomotor nerve (CN III). At the distal end of this 
muscle, near its attaehment to the tarsal plate, is a small amount of 
smooth muscle ealled the superior tarsal muscle. The fibers of the 
superior tarsal muscle are supplied by postganglionie sympathetie 
fibers of the autonomic nervous system. 

eomment: Because of the dual nature of this muscle (it is skeletal 
and has a small smooth muscle eomponent), drooping of the upper 
eyelid ean result from a nerve lesion affeeting the oculomotor nerve 
or the sympathetie fibers. This drooping is ealled ptosis. 


eiinieal: Ptosis ean result from nerve damage at 2 different 
sites. Damage to the oculomotor nerve (CN III) ean result in 
paralysis of the levator palpebrae superioris muscle and 
signifieant ptosis. Damage anywhere along the sympathetie 
pathway from the upper thoraeie sympathetie outflow to the 
head, the eervieal sympathetie trunk, or the superior eervieal 
ganglion and beyond ean result in denervation of the small tarsal 
muscle (smooth muscle) that is found at the free distal margin of 
the levator palpebrae superioris muscle. This will result in a mild 
ptosis: the ipsilateral upper eyelid droops, but only slightly. 
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Extrinsic Eye Muscles 


Right lateral view 
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Superior view 


Head and Neek 




















Extrinsic Eye Muscles 


1. Superior rectus muscle 

2 . Medial rectus muscle 

3 . Inferior rectus muscle 


4 . Superior oblique muscle 

5 . Lateral rectus muscle 

6 . Inferior oblique muscle 


Origin: The 4 rectus muscles and the superior oblique arise from a 
eommon tendinous ring (anulus of Zinn) on the body of the sphe- 
noidal bone. The inferior oblique arises from the floor of the orbit. 

Insertion: The 4 rectus muscles insert into the selera, just posterior 
to the eornea. The superior oblique muscle passes forward, and its 
tendon passes through a fibrous ring (troehlea) and inserts into the 
selera deep to the superior rectus muscle. The inferior oblique inserts 
into the selera deep to the lateral rectus muscle. 

Aetions: In elinieal testing, when the eye is abducted, the superior 
rectus elevates the globe and the inferior rectus depresses it. When 
the eye is adducted, the superior oblique depresses the globe and 
the inferior oblique elevates it. The medial rectus is a pure adductor, 
whereas the lateral rectus is a pure abductor. The anatomie aetions 
differ from the aetions tested for elinieal evaluation of the muscles. 

Innervation: The lateral rectus is innervated by the abducens nerve 
(CN VI); the superior oblique is innervated by the troehlear nerve 
(CN IV). All the other rectus muscles and the inferior oblique are 
innervated by the oculomotor nerve (CN III). 


Clinical: Ipsilateral troehlear nerve palsy will result in the 
patient’s inability to fully abduct the ipsilateral eye. Ipsilateral 
troehlear nerve palsy will result in the patient’s inability to adduct 
and depress the ipsilateral eye, resulting in diplopia (double 
vision) when going down stairs. Third nerve palsy will result in 
ptosis, a dilated pupil, and an inability to adduct the eye (at rest, 
the affeeted eye will be direeted down and out). 
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Miiseles Involved in Mastieation 
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Muscles Involved in Mastieation 


1. Temporalis muscle 

Origin: Floor of the temporal fossa and the deep surface of the 
temporal faseia. 

Insertion: Attaehes to the tip and medial surface of the eoronoid 
proeess and anterior border of the ramus of the mandible. 

Aetion: This muscle elevates the mandible and eloses the jaws. Its 
posterior fibers retraet the mandible (retmsion). 

Innervation: Mandibular division of the trigeminal nerve. 

eomment: The temporalis is 1 of the 4 muscles of mastieation. It is 
a broad, radiating muscle whose eontraetions ean be seen during 
chewing. The muscles of mastieation are derived embryologieally 
from the Ist pharyngeal (branehial) areh and are innervated by the 
mandibular division of the trigeminal nerve (CN V 3 ). 


Clinical: Tension headaehe ean be muscular in origin. Tensing 
the temporalis muscle, for example (elenehing the teeth), ean 
lead to this type of headaehe. 
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Muscles Involved in Mastieation 
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Muscles Involved in Mastieation 


1. Masseter muscle 

Origin: Arises from the inferior border and medial surface of the 
zygomatie areh. 

Insertion: Attaehes to the lateral surface of the mandible and lateral 
surface of the eoronoid proeess. 

Aetion: Closes the jaws by elevating the mandible. 

Innervation: Mandibular division of the trigeminal nerve. 

Oomment: The masseter muscle is 1 of the 4 muscles of 
mastieation. Some of its fibers also may protmde the mandible, and 
its deep fibers retraet the mandible. 


Clinical: The muscles of mastieation are derived embryologieally 
from the Ist pharyngeal (branehial) areh and are innervated by 
the mandibular division of the trigeminal nerve (CN V 3 ). The 
hearty spore of Clostridium tetani is eommonly found in soil, 
dust, and feees and ean enter the body through wounds, blisters, 
burns, skin ulcers, inseet bites, and surgical procedures. If the 
individual is infeeted and unvaccinated, the toxin from the 
baeteria ean destroy the inhibitory neurons of the brainstem and 
spinal eord and cause nuchal rigidity, trismus (lockjaw, a spasm 
of the masseter muscle), dysphagia, laryngospasm, and acute 
muscle spasms that ean lead to death. 
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Miiseles Involved in Mastieation 


Posterior view 
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Muscles Involved in Mastieation 


1. Medial pterygoid muscle 

Origin: This muscle arises from 2 slips. Its deep head arises from 
the medial surface of the lateral pterygoid plate and pyramidal 
proeess of the palatine bone. Its superficial head arises from the 
tuberosity of the maxilla. 

Insertion: The muscle fibers blend to attaeh to the medial surface 
of the ramus of the mandible, inferior to the mandibular foramen. 

Aetion: Helps elose the jaws by elevating the mandible. With the 
lateral pterygoids, the 2 medial pterygoids protrude the mandible. 
When 1 medial and 1 lateral pterygoid on the same side of the head 
aet together, the mandible is protmded forward and to the opposite 
side. Alternating these movements moves the jaws from side to side 
in a grinding motion. 

Innervation: Mandibular division of the trigeminal nerve. 

eomment: The medial pterygoid is 1 of the 4 muscles of 
mastieation. It aets with the temporalis and masseter muscles to 
elose the jaws. The medial pterygoid and masseter muscles are 
important in biting, but all 3 muscles are neeessary for biting and 
chewing with the molars. 

The muscles of mastieation are derived embryologieally from the Ist 
pharyngeal (branehial) areh and are innervated by the mandibular 
division of the trigeminal nerve (CN V 3 ). 


eiinieal: Sometimes individuals eleneh their teeth and grind their 
molars while in deep sleep. This grinding aetion of the pterygoid 
muscles ean erode the teeth, and people suffering from this 
malady should seek the attention of their health eare speeialist. 
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Muscles Involved in Mastieation 
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Muscles Involved in Mastieation 


1. Lateral pterygoid muscle 

Origin: This short, thiek muscle has 2 heads. The superior head 
arises from the infratemporal surface and infratemporal erest of the 
greater wing of the sphenoidal bone. The inferior head arises from 
the lateral surface of the lateral pterygoid plate. 

Insertion: Its fibers eonverge to insert on the neek of the mandible, 
articular dise, and capsule of the temporomandibular joint. 

Aetion: Opens the mouth by drawing the eondyle of the mandible 
and articular dise of the temporomandibular joint forward. With the 
medial pterygoid of the same side, the lateral pterygoid protmdes the 
mandible. The jaw is rotated to the opposite side, producing a 
grinding movement. 

Innervation: Mandibular division of the trigeminal nerve. 

eomment: The other 3 muscles of mastieation help elose the jaws, 
whereas the lateral pterygoid opens the jaws. At the beginning of this 
aetion, it is assisted by the mylohyoid, digastrie, and geniohyoid 
muscles. 

The muscles of mastieation are derived embryologieally from the Ist 
pharyngeal (branehial) areh and are innervated by the mandibular 
division of the trigeminal nerve (CN V 3 ). 


Clinical: Sometimes individuals eleneh their teeth and grind their 
molars while in deep sleep. This grinding aetion of the pterygoid 
muscles ean erode the teeth, and people suffering from this 
malady should seek the attention of their health eare speeialist. 
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Floor of Moiith 


Anteroinferior view 
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Floor of Moiith 


1. Mylohyoid muscle 

Origin: Arises from the mylohyoid line of the mandible. 

Insertion: Attaehes to a median fibrous raphe and the body of the 
hyoid bone. 

Aetion: Elevates the hyoid bone and raises the floor of the mouth 
during swallowing, pushing the tongue upward as in swallowing or 
protmsion of the tongue. 

Innervation: By the mylohyoid nerve, a braneh of the mandibular 
division of the trigeminal. 

eomment: The mylohyoids also ean help depress the mandible or 
open the mouth. They are aetive in mastieation, swallowing, sucking, 
and blowing. 


Clinical: The mylohyoid and geniohyoid muscles form the floor 
of the mouth. Soft tissue injury in this area or fractures of the 
anterior mandible ean cause signifieant bleeding in this area. 
These muscles are also important in multiple aetions assoeiated 
with the mouth. 
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Floor of Moiith 


Posterosuperior view 
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Floor of Moiith 


1. Geniohyoid miisele 

Origin: Inferior mental spine of mandible. 

Insertion: Attaehes to the body of the hyoid bone. 

Aetion: Slightly elevates and draws the hyoid bone forward, 
shortening the floor of the moiith. When the hyoid bone remains 
fixed, this muscle also helps retraet and depress the mandible. 

Innervation: C1 via the hypoglossal nerve (CN XII). 

Oomment: The digastrie, stylohyoid, mylohyoid, and geniohyoid 
muscles are eonsidered “suprahyoid” muscles because they lie 
above the hyoid bone. 


Clinical: The mylohyoid and geniohyoid muscles form the floor 
of the mouth. Soft tissue injury in this area or fractures of the 
anterior mandible ean cause signifieant bleeding in this area. 
These muscles are also important in multiple aetions assoeiated 
with the mouth. 
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Tongiie 


1. Genioglossus muscle 

Origin: Arises from the superior part of the mental spine of the 
mandible. 

Insertion: Dorsum of the tongue and body of the hyoid bone. 

Aetion: Its eentral fibers depress the tongue. Its posterior fibers 
protmde the tongue, as in stieking the tongue out of the mouth. 

Innervation: Hypoglossal nerve (CN XII). 

Oomment: The genioglossus is 1 of the 3 extrinsic muscles of the 
tongue. These extrinsic muscles move the tongue, whereas the 
intrinsie muscles ehange the tongue’s shape. 

All of the muscles with “glossus” in their names are innervated by 
the hypoglossal nerve except the palatoglossus muscle, which is a 
muscle of both the tongue and soft palate and is innervated by the 
vagus nerve. 


eiinieal: One ean easily test the hypoglossal nerve (CN XII) by 
asking the patient to “stiek your tongue out.” If ipsilateral damage 
to the hypoglossal nerve has occurred, the patient’s tongue will 
deviate to the side of the lesion, with the tip of the tongue 
pointing ipsilaterally. This occurs because of the strong foree 
of pull by the posterior fibers of the eontralateral genioglossus, 
which is unopposed by the paralyzed ipsilateral fibers. This 
causes the tongue to protmde and then deviate beyond the 
midline to the unopposed side (side of the nerve lesion). 
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Tongiie 


1. Hyoglossus muscle 

Origin: Arises from the body and greater horn of the hyoid bone. 

Insertion: Attaehes to the lateral and dorsal surface of the tongue. 

Aetion: Depresses, or pulls, the tongue into the floor of the mouth. 
Also retraets the tongue. 

Innervation: Hypoglossal nerve (CN XII). 

Oomment: The hyoglossus is one of the tongue’s extrinsic muscles, 
which alter the position of the tongue within the mouth. The intrinsie 
muscles of the tongue ehange the tongue’s shape. 

All of the muscles with “glossus” in their names are innervated by 
the hypoglossal nerve except the palatoglossus muscle, which is a 
muscle of both the tongue and soft palate and is innervated by the 
vagus nerve. 


Clinical: The lingual artery, a braneh of the external earotid 
artery in the neek, is the major blood supply to this area and 
ean be loeated as it passes deep to the hypoglossus muscle. 
Bleeding that results from soft tissue damage in this region 
causes swelling as the blood accumulates in the floor of the 
mouth. 
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Tongiie 


1. Styloglossus muscle 

Origin: Arises from the styloid proeess and stylohyoid ligament. 

Insertion: Attaehes to the lateral side of the tongiie. Some fibers 
interdigitate with fibers of the hyoglossus muscle. 

Aetion: Retraets the tongue and draws it up during swallowing. 

Innervation: Hypoglossal nerve (CN XII). 

eomment: The styloglossus is 1 of the 3 extrinsic muscles of the 
tongue. All are innervated by the hypoglossal nerve. 

All of the muscles with “glossus” in their names are innervated by 
the hypoglossal nerve except the palatoglossus muscle, which is a 
muscle of both the tongue and soft palate and is innervated by the 
vagus nerve. 

Three muscles arise from the styloid proeess: the styloglossus, the 
stylohyoid, and the stylopharyngeus muscles. Eaeh is innervated by 
a different eranial nerve. 


Clinical: The styloglossus is important in swallowing because it 
pushes the bolus of chewed food up against the hard palate and 
backward into the oropharynx. 
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Posterior view 
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Roof of Mouth 


1. Levator veli palatini muscle 

Origin: Arises from the eartilage of the auditory tube and the 
petrous portion of the temporal bone. 

Insertion: Attaehes to the palatine aponeurosis of the soft palate. 
Aetion: Elevates the soft palate during swallowing and yawning. 
Innervation: Vagus nerve (CN X). 

Oomment: After the soft palate has been tensed by the tensor veli 
muscle (which hooks around the pterygoid hamulus), the levator 
elevates the palate. Note the arrangement of these muscles in the 
figure (posterior view). 


eiinieal: The levator elevates the soft palate and ean be tested 
elinieally by asking a patient to say “ah.” By watching the soft 
palate elevate as this is done, one ean look for even, symmetrie 
elevation, indieating that the vagus nerve (CN X) is functioning 
properly on both sides. If there is damage to the vagus nerve on 
one side, the soft palate will deviate eontralaterally, that is, to 
the normally functioning side and away from the abnormally 
functioning side. 
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Roof of Mouth 


1. Tensor veli palatini muscle 

Origin: Arises from the seaphoid fossa of the medial pterygoid 
plate, spine of the sphenoidal bone, and eartilage of the auditory 
tube. 

Insertion: Attaehes to the palatine aponeurosis of the soft palate. 

Aetion: Tenses the soft palate and, by eontraeting, opens the 
auditory tube during swallowing and yawning to equalize pressure in 
the middle ear. 

Innervation: Mandibular division of the trigeminal nerve. 

eomment: This muscle tenses the fibers of the soft palate so that 
the levator veli palatini muscle ean aet on them. 


Clinical: The tensor not only tenses the soft palate during 
elevation by the levator veli palatini but also opens the auditory 
(pharyngotympanie, eustachian) tube during swallowing and 
yawning. This helps equalize the pressure in the middle ear and 
explains why chewing gum, swallowing, or yawning ean relieve 
the pressure and pain in the middle ear when landing in an 
airplane. 
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Roof of Moiith 


Anterior view 
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Roof of Mouth 


1. Uvular muscle 

2 . Palatopharyngeus muscle 

3 . Palatoglossus muscle 

4 . Superior pharyngeal eonstrietor muscle 

5 . Pterygomandibular raphe 

6 . Buccinator muscle 

Comment: Interdigitating fibers of the levator veli palatini muscle 
make up most of the soft palate, along with the little uvular muscle. 

The palatoglossal and palatopharyngeal arehes eontain small slips of 
muscle (with the same names as the arehes) beneath their mucosal 
surfaces. These thin muscle slips are innervated by the vagus nerve. 
The palatine tonsil is nestled in the palatine fossa, between these 
2 folds. 

The buccinator muscle lies deep to the oral mucosa of the eheek 
and helps keep food between the molars. This muscle of faeial 
expression is innervated by the faeial nerve (CN VII). 

Numerous minor salivary glands populate the mucosa lining the hard 
palate. 


eiinieal: If the faeial nerve (CN VII) is damaged or dysfunctional, 
as in Bell’s palsy, the buccinator muscle will be paralyzed and 
the patient will be unable to suck the eheeks inwardly. If the 
parasympathetie fibers of the faeial nerve are damaged (they 
travel in the lingual nerve of CN V 3 ), 2 of the 3 major salivary 
glands will be denervated (the submandibular and sublingual 
glands), as will the numerous minor salivary glands, also supplied 
by faeial parasympathetie nerves. Consequently, the oral mucosa 
will appear drier than normal. 
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Muscles of Pharynx 


1. Superior pharyngeal eonstrietor muscle 

Origin: This broad muscle arises from the pterygoid hamulus, 
pterygomandibular raphe, posterior portion of the mylohyoid line of 
the mandible, and side of the tongue. 

Insertion: The muscles from eaeh side meet and attaeh to the 
median raphe of the pharynx and pharyngeal tubercle of the oeeipital 
bone. 

Aetion: Constricts the wall of the upper pharynx during swallowing. 

Innervation: Pharyngeal plexus of the vagus nerve (CN X). 

eomment: The 3 pharyngeal eonstrietors help move food down the 
pharynx and into the esophagus. To aeeomplish this, these muscles 
eontraet serially from superior to inferior to move a bolus of food 
from the oropharynx and laryngopharynx into the proximal 
esophagus. 

The superior eonstrietor lies largely behind the mandible. 


eiinieal: VVhile the motor innervation of the pharyngeal 
eonstrietors is via the vagus nerve (CN X), the sensory 
innervation of all but the most superior part of the pharynx (the 
eonstrietor muscles and the mucosa lining the interior of the 
pharynx) is via the glossopharyngeal nerve (CN IX). Together, 
the fibers of CN IX and X form the pharyngeal plexus and 
function in eoneert with one another during swallowing. 
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Muscles of Pharynx 


1. Middle pharyngeal eonstrietor muscle 

Origin: Arises from the stylohyoid ligament and the greater and 
lesser horns of the hyoid bone. 

Insertion: The muscles from both sides wrap around and meet to 
attaeh to the median raphe of the pharynx. 

Aetion: Constricts the wall of the pharynx during swallowing. 

Innervation: Pharyngeal plexus of the vagus nerve (CN X). 

Oomment: The middle pharyngeal eonstrietor lies largely behind the 
hyoid bone. The fibers of the superior and middle pharyngeal 
eonstrietors often blend together, but the demareation point ean be 
seen where the stylopharyngeus muscle intervenes. 


Clinical: While the motor innervation of the pharyngeal 
eonstrietors is via the vagus nerve (CN X), the sensory 
innervation of all but the most superior part of the pharynx (the 
eonstrietor muscles and the mucosa lining the interior of the 
pharynx) is via the glossopharyngeal nerve (CN IX). Together, 
the fibers of CN IX and X form the pharyngeal plexus and 
function in eoneert with one another during swallowing. 
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Muscles of Pharynx 


1. Inferior pharyngeal eonstrietor muscle 

Origin: Arises from the oblique line of the thyroid eartilage and side 
of the erieoid eartilage. 

Insertion: The 2 inferior pharyngeal eonstrietor muscles wrap 
posteriorly to meet and attaeh to the median raphe of the pharynx. 

Aetion: Constricts the wall of the lower pharynx during swallowing. 

Innervation: Pharyngeal plexus of the vagus nerve (CN X). 

Oomment: The inferior pharyngeal eonstrietor lies largely behind the 
thyroid and erieoid eartilages. Its lower end is referred to as the 
erieopharyngeal muscle, which is continuous with the esophageal 
muscle fibers. 

Where the inferior eonstrietor attaehes to the erieoid eartilage 
represents the narrowest portion of the pharynx. 


Clinical: While the motor innervation of the pharyngeal 
eonstrietors is via the vagus nerve (CN X), the sensory 
innervation of all but the most superior part of the pharynx (the 
eonstrietor muscles and the mucosa lining the interior of the 
pharynx) is via the glossopharyngeal nerve (CN IX). Together, 
the fibers of CN IX and X form the pharyngeal plexus and 
function in eoneert with one another during swallowing. Injury 
to the pharyngeal fibers from CN X ean result in difficulty 
swallowing (dysphagia). 
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Muscles of Pharynx 


1. Stylopharyngeus miisele 

Origin: Arises from the styloid proeess of the temporal bone. 

Insertion: Attaehes to the posterior and superior margins of the 
thyroid eartilage. 

Aetion: Elevates the pharynx and larynx during swallowing and 
speaking. 

Innervation: Glossopharyngeal nerve (CN IX). 

Oomment: This muscle passes between the superior and middle 
pharyngeal eonstrietors. The stylopharyngeus is 1 of 3 muscles 
arising from the styloid proeess of the temporal bone (the others 
are the styloglossus and stylohyoid). Eaeh muscle is innervated 
by a different eranial nerve and arises from a different embryonie 
branehial areh. 

The stylopharyngeus arises embryologieally from the 3rd pharyngeal 
(branehial) areh and is the only muscle innervated by the 
glossopharyngeal nerve. 


eiinieal: A lesion to the motor fibers of CN IX that innervate the 
stylopharyngeus muscle ean cause pain when the patient initiates 
swallowing. 
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Muscles of Neek: Anterior View 


1. Stemoeleidomastoid muscle 

Origin (inferior attaehment): This muscle has 2 heads of origin. 
The sternal head arises from the anterior surface of the manubrium 
of the sternum. The clavicular head arises from the superior surface 
of the medial third of the elaviele. 

Insertion (superior attaehment): Attaehes to the lateral surface of 
the mastoid proeess of the temporal bone and the lateral half of the 
superior nuchal line. 

Aetion: Tilts the head to 1 side, flexes the neek, and rotates the 
neek so the faee points superiorly to the opposite side. VVhen the 
muscles of both sides aet together, they flex the neek. 

Innervation: Aeeessory nerve (CN XI and C2 and C3). 

Comment: VVhen the head is fixed, the 2 muscles aeting together 
ean help elevate the thorax during foreed inspiration. The 
sternoeleidomastoid (SCM) is 1 of 2 muscles innervated by the spinal 
aeeessory nerve. Although the aeeessory nerve is elassified as a 
eranial nerve, it does not possess any fibers originating from the 
brainstem. Its nerve fibers originate in the upper eervieal spinal eord, 
so its elassifieation as a “true” eranial nerve is problematie. 


eiinieal: The SCM is innervated by the aeeessory nerve (CN XI), 
and this nerve is susceptible to injury where it erosses the 
posterior eervieal triangle between the SCM muscle and the 
trapezius muscle. CN XI innervates both of these muscles. 

Tortieollis is a eontraetion of the eervieal muscles that presents 
as a twisting of the neek such that the head is tilted toward the 
lesioned side (ipsilateral) and the faee away from the lesioned 
side (eontralateral). Commonly, the SCM is affeeted unilaterally 
by this eongenital fibrous tissue tumor. 
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nfrahyoid and Suprahyoid Muscles 


1. Stemohyoid muscle 

Origin: Manubrium of the stemum and medial portion of the 
elaviele. 

Insertion: Body of the hyoid bone. 

Aetion: Depresses the hyoid bone after swallowing. 

Innervation: C1, C2, and C3 from the ansa eerviealis. 

Oomment: The sternohyoid is part of the group of infrahyoid 
muscles. These muscles are often referred to as “strap” muscles 
because they are long and narrow. 


Clinical: The infrahyoid, or “strap,” muscles are surrounded by 
an investing layer of eervieal faseia that binds the neek muscles 
in a tight faseial sleeve. Swelling within this eonfined spaee ean 
be painful and potentially damaging to adjaeent structures. 
Immediately deep to this investing faseia is a “pretraeheal spaee” 
anterior to the traehea and thyroid gland, which ean provide a 
vertieal conduit for the spread of infeetions. 
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nfrahyoid and Suprahyoid Muscles 


1. Stemothyroid muscle 

Origin: Arises from the posterior surface of the manubrium of the 
sternum. 

Insertion: Attaehes to the oblique line of the thyroid eartilage. 

Aetion: Depresses the larynx after the larynx has been elevated for 
swallowing. 

Innervation: C2 and C3 from the ansa eerviealis. 

Oomment: The sternothyroid is part of the group of infrahyoid 
muscles. Because they are long and narrow, these muscles are often 
referred to as “strap” muscles. 


Clinical: The infrahyoid, or “strap,” muscles are surrounded by 
an investing layer of eervieal faseia that binds the neek muscles 
in a tight faseial sleeve. Swelling within this eonfined spaee ean 
be painful and potentially damaging to adjaeent structures. 
Immediately deep to this investing faseia is a “pretraeheal spaee” 
anterior to the traehea and thyroid gland, which ean provide a 
vertieal conduit for the spread of infeetions. 
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nfrahyoid and Suprahyoid Muscles 


1. Omohyoid muscle 

Origin: This muscle eonsists of an inferior and a superior belly. The 
inferior belly arises from the superior border of the scapula, near the 
suprascapular noteh. 

Insertion: The muscle is attaehed by a fibrous expansion to the 
elaviele and forms the superior belly, which inserts into the inferior 
border of the hyoid bone. 

Aetion: Depresses the hyoid bone after the bone has been elevated. 
Also retraets and steadies the hyoid bone. 

Innervation: C1, C2, and C3 by a braneh of the ansa eerviealis. 

eomment: The omohyoid aets with the other infrahyoid muscles to 
depress the larynx and hyoid bone after these structures have been 
elevated during swallowing. 

The omohyoid is an unusual “strap” muscle because it arises from 
the scapula in the shoulder region. 


Clinical: The infrahyoid, or “strap,” muscles are surrounded by 
an investing layer of eervieal faseia that binds the neek muscles 
in a tight faseial sleeve. Swelling within this eonfined spaee ean 
be painful and potentially damaging to adjaeent structures. 
Immediately deep to this investing faseia is a “pretraeheal spaee” 
anterior to the traehea and thyroid gland, which ean provide a 
vertieal conduit for the spread of infeetions. 
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nfrahyoid and Suprahyoid Muscles 


1. Thyrohyoid muscle 

Origin: Arises from the oblique line of the lamina of the thyroid 
eartilage. 

Insertion: Attaehes to the inferior border of the body and the 
greater horn of the hyoid bone. 

Aetion: Depresses the hyoid bone and, if the hyoid bone is fixed, 
draws the thyroid eartilage superiorly. 

Innervation: C1 via the hypoglossal nerve (CN XII). 

Oomment: The thyrohyoid muscle is supplied by fibers of the 
Ist eervieal nerve that happen to travel with the last eranial, or 
hypoglossal, nerve (CN XII). 

The thyrohyoid muscle is also one of the infrahyoid, or “strap,” 
muscles. 


Clinical: Trauma to the neek may damage the ansa eerviealis 
(C1-3) and its branehes, leading to paralysis of the infrahyoid and 
suprahyoid muscles. Because these muscles are eritieal in the 
proeess of swallowing, dysphagia (difficulty in swallowing) may 
ensue. 
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Intrinsie Muscles of Larynx 


1. Cricothyroid muscle 

Origin: Arises from the anterolateral part of the erieoid eartilage. 

Insertion: Inserts into the inferior aspeet and inferior horn of the 
thyroid eartilage. 

Aetion: Stretehes and tenses the voeal folds. 

Innervation: External braneh of the superior laryngeal nerve of the 
vagus. 

Oomment: This muscle is innervated by the small, external braneh 
of the superior laryngeal nerve of the vagus. Most of the superior 
laryngeal nerve continues as an internal braneh that pierees the 
thyrohyoid membrane to provide sensory innervation above the voeal 
folds. 

This muscle, similar to the other muscles of the larynx, is derived 
embryologieally from the 4th through 6th pharyngeal (branehial) 
arehes. All of these laryngeal muscles are innervated by the vagus 
nerve. 


eiinieal: Damage on 1 side to the superior laryngeal nerve, 
a braneh of the vagus nerve (CN X), will paralyze the ipsilateral 
erieothyroid muscle. Consequently, the voiee will be affeeted 
because the ipsilateral voeal fold eannot be fully stretehed and 
tensed. Additionally, the ipsilateral laryngeal mucosa above the 
level of the voeal folds will be anesthetized (the superior laryngeal 
nerve is sensory to the laryngeal mucosa above the voeal folds), 
somewhat eompromising the proteetive gag reflex that would 
normally keep foreign objeets from being aspirated into the 
larynx. 
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Suprahyoid Muscles 


1. Stylohyoid muscle 

Origin: Arises from the styloid proeess of the temporal bone. 

Insertion: Attaehes to the body of the hyoid bone. 

Aetion: Elevates and retraets the hyoid bone in an aetion that 
elongates the floor of the mouth. 

Innervation: Faeial nerve. 

Oomment: The stylohyoid muscle is perforated near its insertion by 
the tendon of the 2 bellies of the digastrie muscle. 

The stylohyoid is 1 of the 3 muscles arising from the styloid proeess, 
eaeh innervated by a different eranial nerve. The other 2 muscles are 
the stylopharyngeus (CN IX) and the styloglossus (CN XII). 


Clinical: The stylohyoid is one of several muscles that help 
stabilize the hyoid bone, which is important in movements of the 
tongue and in swallowing. If this proeess is eompromised, these 
movements beeome more difficult and/or painful to execute. 
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Siiprahyoid Muscles 



Lateral, slightly inferior view 
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Suprahyoid Muscles 


1. Digastrie muscle 

Origin: The digastrie muscle eonsists of 2 bellies. The posterior belly 
is the longest, and it arises from the mastoid noteh of the temporal 
bone. The anterior belly arises from the digastrie fossa of the 
mandible. 

Insertion: The 2 bellies end in an intermediate tendon that 
perforates the stylohyoid muscle and is eonneeted to the body and 
greater horn of the hyoid bone. 

Aetion: Elevates the hyoid bone and, when both muscles aet 
together, helps the lateral pterygoid muscles open the mouth by 
depressing the mandible. 

Innervation: The anterior belly is innervated by the mylohyoid 
nerve, a braneh of the mandibular division of the trigeminal nerve. 

The posterior belly is innervated by the faeial nerve. 

eomment: The 2 bellies of the digastrie muscle are unique because 
they are innervated by different eranial nerves. 


Clinical: The digastrie muscles are important for opening the 
mouth symmetrieally and are assisted by the lateral pterygoid 
muscles. 
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Muscles of Larynx 


1. Oblique arytenoid muscles 

2 . Transverse arytenoid muscles 

Origin: Arise from the arytenoid eartilages. 

Insertion: Attaeh to the opposite arytenoid eartilage. 

Aetion: Olose the inlet of the larynx by adducting the arytenoid 
eartilages. This narrows the rima glottidis, the spaee between the 
voeal folds. 

Innervation: Recurrent laryngeal nerve of the vagus. 

Oomment: Some muscle fibers of the oblique arytenoid continue 
superiorly as the ary-epiglottie muscle. 


Clinical: The voeal folds are eontrolled by the laryngeal 
muscles, all of which are innervated by the vagus nerve (CN X). 
During quiet respiration, the voeal folds are gently abducted to 
open the rima glottidis (spaee between the folds). In foreed 
inspiration (taking a rapid, deep breath), the folds are maximally 
abducted by the posterior erieo-arytenoid muscles, further 
enlarging the rima glottidis. During phonation, the folds are 
adducted and tensed to ereate a reed-like effeet (similar to a 
reed instmment), causing voeal fold mucosal vibrations that 
produce sound that is then modified by the upper airway 
(pharynx, oral eavity, tongue, lips, nose, and paranasal sinuses). 
Closure of the rima glottidis occurs when holding your breath or 
when lifting something heavy (the Valsalva maneuver), and the 
folds are eompletely adducted. 
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Intrinsie Muscles of Larynx 


1. Posterior erieo-arytenoid muscle 

Origin: Arises from the posterior surface of the laminae of the 
erieoid eartilage. 

Insertion: Attaehes to the muscular proeess of the arytenoid eartilage. 

Aetion: Abducts the voeal folds and widens the rima glottidis, the 
spaee between the voeal folds. 

Innervation: Recurrent (inferior) laryngeal nerve of the vagus. 

eomment: The posterior erieo-arytenoid muscles are extremely 
important because they are the only muscles that abduct the voeal 
folds. 


Clinical: Damage to the recurrent laryngeal nerve during neek 
surgery (e.g., reseetion of the thyroid gland) ean cause the voeal 
folds to adduct, causing hoarseness or closure of the rima 
glottidis, or both. This occurs because the posterior erieo- 
arytenoid muscles are the only laryngeal muscles that abduct the 
voeal folds and keep the rima glottidis open. The voeal folds are 
eontrolled by the laryngeal muscles, all of which are innervated 
by the vagus nerve (CN X). During quiet respiration, the voeal 
folds are gently abducted to open the rima glottidis (spaee 
between the folds). In foreed inspiration (taking a rapid, deep 
breath), the folds are maximally abducted by the posterior 
erieo-arytenoid muscles, further enlarging the rima glottidis. 
During phonation, the folds are adducted and tensed to ereate a 
reed-like effeet (similar to a reed instmment), causing voeal fold 
mucosal vibrations that produce sound that is then modified by 
the upper airway (pharynx, oral eavity, tongue, lips, nose, and 
paranasal sinuses). Closure of the rima glottidis occurs when 
holding your breath or when lifting something heavy (the Valsalva 
maneuver), and the folds are eompletely adducted. 
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Miiseles of Larynx 



Lateral disseetion 
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Superior view 
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Muscles of Larynx 


1 . 

Ary-epiglottie part of oblique 

4 . 

Thyro-arytenoid muscle 


arytenoid muscle 

5 . 

Lateral erieo-arytenoid 

2 . 

Posterior erieo-arytenoid 


muscle 


muscle 

6 . 

Voealis muscle 

3 . 

Thyro-epiglottie part of 

7 . 

Voeal ligament 


thyro-arytenoid muscle 

8 . 

Conus elasticus 


Comment: The miiseles of the larynx are small. They aet on the 
laryngeal eartilages. 

The most superior portion of the conus elasticus is thiekened and 
forms the voeal ligament. The voeal folds themselves eontain a small 
amount of muscle ealled the voealis muscle, which is derived from 
some of the fibers of the thyro-arytenoid muscle. 

With the exception of the erieothyroid, all the intrinsie muscles of the 
larynx are innervated by the recurrent laryngeal nerve of the vagus. 

All of these muscles are derived embryologieally from the 4th through 
6th pharyngeal (branehial) arehes. 


Clinical: The voeal folds are eontrolled by the laryngeal 
muscles, all of which are innervated by the vagus nerve (CN X). 
During quiet respiration, the voeal folds are gently abducted to 
open the rima glottidis. In foreed inspiration, the folds are 
maximally abducted by the posterior erieo-arytenoid muscles, 
further enlarging the rima glottidis. During phonation, the folds 
are adducted and tensed to ereate a reed-like effeet, causing 
voeal fold mucosal vibrations that produce sound that is then 
modified by the upper airway (pharynx, oral eavity, tongue, lips, 
nose, paranasal sinuses). Closure of the rima glottidis occurs 
when holding your breath or when lifting something heavy, and 
the folds are eompletely adducted. 
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Prevertebral Miiseles 


1. Sealene muscles 

Origin (superior attaehment): The anterior sealene arises from the 
anterior tubercles of the transverse proeesses of C3-6 vertebrae. The 
middle and posterior sealenes arise from the posterior tubercles of 
the transverse proeesses of C2-7 (middle) and C4-6 (posterior) 
vertebrae. 

Insertion (inferior attaehment): The anterior sealene attaehes to 
the sealene tubercle of the Ist rib. The middle sealene attaehes to 
the superior surface of the Ist rib. The posterior sealene attaehes 
to the external border of the 2nd rib. 

Aetion: The anterior and middle sealenes elevate the Ist rib. When 
that rib is fixed, they also flex the neek forward and laterally and 
rotate it to the opposite side. The posterior sealene raises the 2nd 
rib and flexes and slightly rotates the neek. 

Innervation: The anterior sealene is innervated by C5-7 ventral 
rami; the middle sealene, by C3-8 ventral rami; and the posterior 
sealene, by ventral rami of C6-8. 

Comment: The sealene muscles are often ealled lateral vertebral 
muscles. They form a large portion of the floor of the posterior 
eervieal triangle. Components of the braehial plexus ean be seen 
emerging between the anterior and middle sealene muscles. 


Clinical: The sealene muscles are aeeessory muscles of 
respiration and help elevate the first 2 ribs during deep or 
labored breathing. They are erossed by the aeeessory nerve (CN 
XI) as it passes between the sternoeleidomastoid and trapezius 
muscles. The phrenie nerve (C3-5) is observed on the anterior 
surface of the anterior sealene muscle; it courses inferiorly 
toward the diaphragm, which it innervates. Trauma to the neek 
ean damage these nerves. 
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Prevertebral Miiseles 


1. Longus eapitis muscle 

2 . Longus eolli muscle 

Origin: The longus eapitis arises from the anterior tubercles of the 
C3-6 vertebral transverse proeesses. The longus eolli arises from the 
bodies of the T1-3 vertebrae, the bodies of the C4-7 vertebrae, and 
transverse proeesses of the C3-6 vertebrae. 

Insertion: The longus eapitis attaehes to the basilar portion of the 
oeeipital bone. The eolli portion attaehes to the anterior tubercle of 
the atlas (C1), the bodies of the C2-4 vertebrae, and transverse 
proeesses of the C5-6 vertebrae. 

Aetion: Both muscles flex the neek, although the longus eolli is weak. 
The longus eolli also slightly rotates and laterally bends the neek. 

Innervation: The longus eapitis is supplied by the C1-3 ventral 
rami. The longus eolli is supplied by the C2-6 ventral rami. 

eomment: The longus eapitis and longus eolli lie in front of the 
eervieal vertebrae and are often ealled prevertebral muscles. They 
help other muscles flex the eervieal spine. 


Clinical: These muscles and the sealene muscles eomprise 
anterior muscle groups often lumped together as “prevertebral” 
muscles. They are eneased in a strong faseial sleeve ealled the 
prevertebral faseia and do not tolerate swelling well because 
of this tight enclosure. Just anterior to the prevertebral faseia, 
where it eovers the bodies of the eervieal vertebrae, lies 
the retropharyngeal spaee (this spaee is posterior to the 
buccopharyngeal faseia [the posterior portion of the pretraeheal 
faseia] eovering the posterior pharynx and esophagus). infeetions 
in this vertieal spaee may pass superiorly to the base of the skull 
or inferiorly into the posterior mediastinum of the thorax. 
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Cutaneous Nerves of Head and Neek 


1. Supra-orbital nerve 

2 . Infra-orbital nerve 

3 . Mental nerve 

4 . Buccal nerve 

5 . Auriculotemporal nerve 

6 . Supraclavicular nerves (C3, C4) 

7 . Great auricular nerve (C2, C3) 

8 . Greater oeeipital nerve (C2) 

Comment: Cutaneous innervation of the faee is by the 3 divisions of 
the trigeminal nerve (CN V). The ophthalmie division is represented 
largely by the supra-orbital and supratrochlear nerves. The maxillary 
division is represented by the infra-orbital and zygomatieotemporal 
nerves. The mandibular division is represented largely by the mental, 
buccal, and auriculotemporal nerves. 

The skin on the baek of the sealp reeeives cutaneous innervation 
from the greater oeeipital nerve (dorsal ramus of C2); the skin on the 
baek of the neek reeeives innervation from dorsal rami of eervieal 
nerves. 

The Ist eervieal nerve (C1) has few if any sensory nerve fibers from 
the skin, so it is usually not shown on dermatome eharts. 


eiinieal: The sensory innervation of the faee is via the 3 
divisions of CN V. Trauma anywhere along the pathway of the 
nerve, including that on the faee itself (e.g., faeial laeerations), 
ean lead to loss of sensation. The innervation of the muscles of 
faeial expression will not be affeeted unless a laeeration also 
damages the terminal branehes of the faeial nerve. 
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Faeial Nerve Branehes 


1. Main trunk of faeial nerve emerging from stylomastoid foramen 

2 . Cervical braneh 

3 . Marginal mandibular braneh 

4 . Buccal branehes 

5 . Zygomatie branehes 

6 . Temporal branehes 

Comment: The main trunk of the faeial nerve exits through the 
stylomastoid foramen and, after giving off several small branehes, 
courses through the substance of the parotid gland. It ends as a 
plexus of 5 major terminal branehes that innervate the muscles of 
faeial expression. 

The 5 groups of terminal branehes are the temporal, zygomatie, 
buccal, marginal mandibular, and eervieal branehes. A mnemonie— 
To Zanzibar By Motor Car (named from superior to inferior)—might 
help in remembering the names of these 5 terminal branehes. 


Clinical: An infeetion, usually caused by the herpes simplex 
virus, of the faeial nerve (CN VII) ean cause acute unilateral 
paralysis of the muscles of faeial expression, a eondition ealled 
Bell’s palsy. Faeial expression on the affeeted side is minimal. 

For example, it is difficult to smile or bare one’s teeth; the mouth 
is drawn to the unaffected (eontralateral) side; and the person 
eannot wink, elose the eyelid, or wrinkle the forehead on the 
affeeted side. Often, over time, the symptoms will disappear, but 
this may take weeks or months to occur. 
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Oeiilomotor, Troehlear, and 
Abducent Nerves: Sehema 



" Efferent fibers 
" Afferent fibers 
" Sympathetie fibers 
’ Parasympathetie fibers 
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Oeiilomotor, Troehlear, and 
Abducent Nerves: Sehema 



1. Ciliary ganglion 

2. Short eiliary nerves 

3. Inferior division of oculomotor nerve 

4. Pterygopalatine ganglion 

5. Abducent nerve (CN VI) 

6 . Ophthalmie nerve (CN V^) 

7. Oculomotor nerve (CN III) 

8 . Troehlear nerve (CN IV) 

Comment: This sehema shows the motor innervation to the 
extra-ocular muscles (from CN III, CN IV, and CN VI) and the 
autonomic fibers. Parasympathetie fibers arise in the brainstem 
and course with the oculomotor nerve to the eiliary ganglion. 
Postganglionie parasympatheties innervate the eiliary muscle (which 
aeeommodates the lens) and the sphineter muscle of the pupil. 

Sympathetie fibers that synapse in the superior eervieal ganglion 
send postganglionie fibers to the dilator muscle of the pupil. 

Sensory innervation to the orbit arises from the ophthalmie division 
of the trigeminal nerve. 


eiinieal: Llnilateral damage to the oculomotor nerve (CN III) 
ean paralyze the 4 extra-ocular muscles innervated by this nerve 
(superior, medial, and inferior rectus muscles and inferior oblique 
muscle) and the levator palpebrae superioris muscle of the upper 
eyelid, causing ophthalmoplegia and ptosis (drooping of the 
eyelid). Additionally, parasympathetie fibers in CN III will be 
affeeted, causing pupillary dilation (unopposed sympathetie 
innervation of the dilator of the pupil) and an inability to 
aeeommodate the lens for close-up vision on the affeeted 
(ipsilateral) side. 
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Nerves of Orbit 



Superior view 
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Nerves of Orbit 


1. Troehlear nerve (IV) 

2 . Ophthalmie nerve (V^) 

3. Optie nerve (II) 

4. Oculomotor nerve (III) 

5. Abducent nerve (VI) 

6 . Trigeminal (semilunar) ganglion 

7. Frontal nerve 

8 . Laerimal nerve 

9. Supra-orbital nerve 

Comment: The sensory innervation to the orbit arises from the 
ophthalmie division of the trigeminal nerve. The major nerves of this 
division include the nasoeiliary, frontal, and laerimal nerves. The 
sensory nerve eell bodies reside in the trigeminal (semilunar) 
ganglion. 

The motor innervation of the extra-ocular muscles eomes from the 
oculomotor, troehlear, and abducent nerves. 

The optie nerve leaves the orbit via the optie eanal. CN III, CN IV, 
CN V 1s and CN VI traverse the superior orbital fissure. 


eiinieal: The ophthalmie division of the trigeminal nerve (CN V^) 
is the smallest division of CN V. In addition to its sensory role 
and, similar to the other 2 divisions of the trigeminal nerve, this 
division earries autonomic fibers to the eyeball via its nasoeiliary 
nerve and eonneetions to the eiliary ganglion (long and short 
eiliary nerves). Additionally, it earries parasympatheties from the 
faeial nerve (CN VII) that join the laerimal braneh and innervate 
the laerimal glands, which produce tears that moisten the eornea 
of the eyeball. Orbital trauma or infeetions in this eonfined 
eompartment may affeet these important autonomic pathways. 
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Mandibiilar Nerve (CN V 3 ) 


Lateral view 
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Mandibiilar Nerve (CN V 3 ) 


1. Auriculotemporal nerve 

2 . Chorda tympani nerve 

3 . Lingiial nerve 

4 . Inferior alveolar nerve (cut) 

5 . Nerve to mylohyoid 

6 . Mental nerve 

7 . Submandibular ganglion 

8 . Buccal nerve and buccinator muscle (cut) 

9 . Mandibular nerve (V 3 ) (anterior division and posterior division) 

Comment: The mandibular division of the trigeminal nerve exits the 
skull through the foramen ovale and divides into sensory and motor 
eomponents. This nerve provides motor eontrol to many of the 
muscles derived from the Ist branehial areh, most notably the 
muscles of mastieation. The sensory eomponents are represented 
largely by the auriculotemporal, buccal, lingual, and inferior alveolar 
nerves. 

Preganglionie parasympathetie fibers arising from the faeial nerve join 
the lingual nerve via the ehorda tympani nerve to synapse in the 
submandibular ganglion. These postganglionie parasympatheties 
innervate the sublingual and submandibular salivary glands and the 
minor salivary glands of the mandibular submucosa. 


Clinical: Trigeminal neuralgia (tie douloureux) is a neurologic 
eondition eharaeterized by episodes of brief, intense faeial pain 
over 1 of the 3 regions of distribution of CN V. The pain is so 
intense that the patient often “winces,” which produces a faeial 
muscle tie. The etiology is uncertain but could be from vascular 
eompression of the CN V sensory ganglion and usually is 
triggered by touch and drafts of eool air on the faee. 
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Nerves of Nasal Cavity 


Lateral wall of 
nasal eavity 
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Nerves of Nasal Cavity 


1. Olfaetory bulb 

2 . Lateral internal nasal braneh of anterior ethmoidal nerve (CN V^) 

3 . Palatine nerves (CN V 2 ) (Greater palatine nerve; Lesser palatine 
nerve) 

4 . Nasopalatine nerve (CN V 2 ) 

5 . Nerve (vidian) of pterygoid eanal 

6 . Deep petrosal nerve 

7 . Greater petrosal nerve 

8 . Pterygopalatine ganglion 

Comment: Vessels of the nasal eavity reeeive innervation from 
sympathetie and, to a lesser extent, parasympathetie divisions of the 
autonomic nervous system. 

Sympathetie contributions arise in the deep petrosal nerve as 
postganglionie fibers that are largely vasomotor in function. 

Parasympathetie fibers arise in the faeial nerve as preganglionies, 
course to the pterygopalatine ganglion in the greater petrosal 
and vidian nerves, and synapse in the pterygopalatine ganglion. 
Postganglionie fibers pass to the nasal mucosa, the hard and soft 
palates, and the mucosa of the paranasal sinuses. 


eiinieal: Faeial fractures may involve a fracture of the eribriform 
plate, which transmits the axons of the olfaetory bipolar neurons. 
As a brain traet, CN I is eovered by the 3 meningeal layers and 
eontains eerebrospinal fluid (CSF) in its subarachnoid spaee 
around the olfaetory bulb. A tear of the meninges ean cause a 
leakage of CSF into the nasal eavity and provide a route of 
infeetion from the nose to the brain. 
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Pterygopalatine Fossa 
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Pterygopalatine Fossa 


1. Nasopalatine nerve (septal braneh) 

2 . Pterygoid eanal (behind ganglionie branehes eonneeting 
maxillary nerve [CN V 2 ] and pterygopalatine ganglion) 

3. Maxillary nerve (CN V 2 ) 

4 . Pterygopalatine ganglion 

5. Infra-orbital nerve 

6. Posterior superior alveolar nerve 

7 . Greater and lesser palatine nerves 

8. Lesser and greater palatine arteries 

9. Anterior and middle superior alveolar arteries 

10 . Superficial temporal artery 

11 . Maxillary artery 

12 . Deseending palatine artery 

13. Infra-orbital artery 

14 . Sphenopalatine artery 

Comment: Nerves are shown on 1 side and arteries on the other. 
This region is largely supplied by branehes of the maxillary nerve (V 2 ) 
and by arterial branehes of the maxillary artery from the external 
earotid. The maxillary teeth and gums are supplied by the posterior, 
middle, and anterior superior alveolar neurovascular bundles. 


Clinical: Midfaee fractures (Le Fort fractures) and/or blowout 
fractures of the orbital floor may damage the branehes of the 
maxillary nerve, affeeting not only sensory modalities related 
to the distribution of the nerve but also the parasympathetie 
postganglionie seeretomotor fibers that join the branehes of this 
nerve after they leave the pterygopalatine ganglion (site of the 
postganglionie parasympathetie neurons). 
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Aiitonomie Nerves in Head 
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Aiitonomie Nerves in Head 


o 


1. Nerve (vidian) of pterygoid 


6 . Superior eervieal 


eanal 

2 . Deep petrosal nerve 

3 . Greater petrosal nerve 

4 . Otie ganglion 


sympathetie ganglion 

7 . Submandibular ganglion 

8 . Pterygopalatine ganglion 

9 . Oiliary ganglion 


5 . Ohorda tympani nerve 

Comment: This sehematie shows the 4 parasympathetie ganglia in 
the head. The eiliary ganglion reeeives preganglionie parasympathetie 
fibers from the oculomotor nerve. The otie ganglion reeeives 
preganglionie parasympathetie fibers that arise in the glossopharyn- 
geal nerve. The pterygopalatine and submandibular ganglia reeeive 
preganglionie parasympatheties that originate in the faeial nerve. 

Preganglionie sympathetie fibers arise from the upper thoraeie spinal 
eord levels. They aseend the sympathetie trunk to synapse on 
postganglionie neurons in the superior eervieal ganglion. 
Postganglionie sympathetie fibers travel on blood vessels or adjaeent 
nerves to reaeh their targets. These sympathetie postganglionie 
fibers are largely vasomotor in function. 


eiinieal: A unilateral lesion anywhere along the pathway of the 
preganglionie sympathetie axons, from the upper thoraeie spinal 
eord levels (T1-4) to the superior eervieal ganglion (where they 
synapse), or beyond this ganglion (postganglionie axons), ean 
result in ipsilateral Horner’s syndrome. Its eardinal ipsilateral 
features are miosis (eonstrieted pupil), slight ptosis (drooping of 
the eyelid due to loss of the superior tarsal muscle), anhidrosis 
(loss of sweat gland function), and flushing of the faee 
(unopposed vasodilation). 
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Orientation of Nerves and 
Vessels of the Oranial Base 
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Orientation of Nerves and 
Vessels of the Oranial Base 



1. Optie nerve (CN II) 

2 . Oiliary ganglion 

3 . Maxillary nerve (CN V 2 ) 

4 . Artery and nerve of 
pterygoid eanal 

5 . Greater petrosal nerve 

6 . Intemal earotid artery 
(Petrosal part) and venous 
plexus 


7 . Faeial nerve (CN VII) 

8 . Intemal earotid nerve and 
nerve plexus 

9 . Aeeessory nerve (CN XI) 

10 . Intemal jugular vein 

11. Intemal earotid artery 

12 . Superior eervieal ganglion 

13 . Deseending palatine artery 


Comment: The pathvvay of the internal earotid artery (ICA) is 
tortuous. It enters the skull via the earotid eanal in the petrous 
portion of the temporal bone and then is direeted anteromedially 
and seiperiorly aeross the foramen laeemm (elosed by eartilage). The 
ICA then aseends into the cavemous sinus and, just inferior to the 
anterior elinoid proeess, makes a 180-degree turn to pass posteriorly 
to join in the eerebral arterial eirele (of VVillis). A venous plexus 
aeeompanies the ICA from the earotid eanal to the cavernous sinus, 
as does a plexus of postganglionie sympathetie nerve fibers (ealled 
the deep petrosal nerve) from the superior eervieal ganglion. The 
deep petrosal nerve joins the greater petrosal nerve (preganglionie 
parasympathetie fibers from CN VII) to form the nerve of the 
pterygoid eanal (vidian nerve). 


Clinical: The elose assoeiation of eranial nerves exiting the 
jugular foramen (CN IX, X, XI) and those assoeiated vvith the 
cavemous sinus (CN III, IV, V 1s V 2 , VI) may be involved in any 
trauma or pathology (e.g., tumor, abseess) that surrounds this 
eonfined bony region. 
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Vestibiiloeoehlear Nerve: Sehema 


6 



Afferent fibers 
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Vestibiiloeoehlear Nerve: Sehema 


1. Geniculum of faeial nerve (site of geniculate ganglion) 

2 . Greater petrosal nerve 

3 . Cochlear (spiral) ganglion 

4 . Vestibulocochlear nerve (CN VIII) 

5 . Chorda tympani nerve 

6 . Faeial eanal and nerve 

7 . Vestibular ganglion 

Comment: The faeial and vestibulocochlear nerves traverse the 
internal acoustic meatus together. The faeial nerve makes a sharp 
bend at the level of the geniculate (sensory) ganglion of the faeial 
nerve before deseending and exiting the skull through the 
stylomastoid foramen. It sends preganglionie parasympathetie fibers 
to the pterygopalatine ganglion (via the greater petrosal nerve) and to 
the submandibular ganglion (via the ehorda tympani nerve). 

The vestibulocochlear nerve earries speeial sensory fibers from the 
eoehlea via the eoehlear nerve (auditory) and from the vestibular 
apparatus via the vestibular nerve (balanee). These 2 branehes join 
and leave the inner ear via the internal acoustic meatus to pass to 
the brain. 


eiinieal: Vertigo is a symptom involving the peripheral vestibular 
system or its eentral nervous system eonneetions and is 
eharaeterized by the illusion or pereeption of motion. Hearing 
loss ean be sensorineural, suggesting a disorder of the inner ear 
or eoehlear division of CN VIII. Conductive hearing loss suggests 
a disorder of the external or middle ear (tympanie membrane 
and/or middle ear ossieles). 
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Glossopharyngeal Nerve 



Efferent fibers 
Afferent fibers 
Parasympathetie fibers 
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Glossopharyngeal Nerve 


1 . 

Geniculate ganglion of 

9 . 

Pharyngeal plexus 


faeial nerve 

10 . 

Carotid braneh of CN IX 

2 . 

Greater petrosal nerve 

11 . 

Superior eervieal ganglion 

3 . 

Deep petrosal nerve 

12 . 

Vagus nerve 

4 . 

Lesser petrosal nerve 

13 . 

Jugular foramen 

5 . 

Otie ganglion 

14 . 

Glossopharyngeal nerve 

6 . 

Auriculotemporal nerve 
(CN V 3 ) 

15 . 

Inferior salivatory nucleus 

7 . 

Parotid gland 



8 . 

Stylopharyngeus muscle 




and nerve braneh from 
CN IX 


Comment: The glossopharyngeal nerve innervates only 1 muscle 
(stylopharyngeus) but reeeives signifieant general sensory distribution 
from the pharynx, posterior third of the tongue, middle ear, and 
auditory tube. CN IX is the nerve of the 3rd pharyngeal (branehial) 
embryonie areh. 

The speeial sense of taste (posterior third of the tongue) also is 
eonveyed by this nerve. Cardiovascular sensory fibers include those 
assoeiated with the earotid body (ehemoreeeptor) and earotid sinus 
(baroreeeptor) region adjaeent to the eommon earotid artery 
bifurcation. 


Clinical: Plaeing a tongue depressor on the posterior third of 
the tongue elieits a gag reflex, mediated by the sensory fibers of 
CN IX on the posterior third of the tongue, which then triggers a 
gag and elevation of the soft palate, mediated largely by the 
vagus nerve (CN X). 
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Cervical Plexus In Situ 
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Cervical Plexus In Situ 


1. Hypoglossal nerve (CN XII) 

2 . Ansa eerviealis (Superior root; Inferior root) 

3 . Vagus nerve (CN X) 

4 . Phrenie nerve 

5 . Aeeessory nerve (CN XI) 

6 . Lesser oeeipital nerve 

7 . Great auricular nerve 

Comment: The eervieal plexus arises from ventral rami of C1-4. It 
provides motor innervation for many of the muscles of the anterior 
and lateral eompartments of the neek. This plexus also provides 
cutaneous innervation to the skin of the neek. 

Most of the motor contributions to the infrahyoid muscles arise from 
a nerve loop ealled the ansa eerviealis (C1-3). 

The eervieal plexus also gives rise to the first 2 of 3 roots 
contributing to the phrenie nerve (C3, C4, and C5). The phrenie nerve 
innervates the abdominal diaphragm. 


eiinieal: Llnilateral trauma to the posterior eervieal triangle of 
the neek may injure the aeeessory nerve (CN XI) (ipsilateral 
innervation of the sternoeleidomastoid and trapezius muscles), 
the phrenie nerve (C3-5) (innervates the ipsilateral hemi- 
diaphragm), or the trnnks or eords of the braehial plexus. The 
integrity of eaeh of these nerves should be assessed when 
trauma is evident. 
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Siiperfieial Veins and Arteries of Neek 


1. Faeial artery and vein 

2 . Retromandibular vein 

3 . External jugular vein 

4 . Anterior jugular vein 

5 . Common earotid artery 

6 . Internal jugular vein 

7 . Superior thyroid artery and vein 

8 . External earotid artery 

Comment: Superficial veins of the neek include the external jugular 
vein and its prineipal tributaries. The external jugular vein often 
communicates with the internal jugular vein, which lies deep within 
the earotid sheath. 

The prineipal arteries of the neek include major branehes arising 
from the subclavian artery (thyroeervieal and eostoeervieal trnnks) 
and several branehes arising from the external earotid artery. 


eiinieal: Physieians use the internal jugular vein (or external 
jugular) on the right side to assess the jugular venous pulse, 
which provides an indieation of the venous pressure in the 
right atrium of the heart. If the waveform pattern of the pulse 
is abnormal, it may indieate some pathology assoeiated with 
right-sided eongestive heart failure, a tricuspid valve problem, 
or some other abnormality. 
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Siibelavian Artery 



Right lateral sehematie view 
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Siibelavian Artery 


1. Vertebral artery 

2 . Costocervical trunk 

3 . Supreme intereostal artery 

4 . Internal thoraeie artery 


6 . Thyroeervieal trunk 

7 . Common earotid artery 

8 . Transverse eervieal artery 

9 . Inferior thyroid artery 


5 . Suprascapular artery 

Comment: The subclavian artery is divided into 3 parts relative to 
the anterior sealene muscle. The Ist part is medial to the muscle, the 
2nd is posterior, and the 3rd is lateral. Branehes of the subclavian 
include the vertebral and internal thoraeie (mammary) arteries, 
thyroeervieal and eostoeervieal trnnks, and dorsal scapular artery. 

The vertebral artery aseends through the C6-1 transverse foramina 
and enters the foramen magnum. The internal thoraeie deseends 
parasternally. The thyroeervieal trunk supplies the thyroid gland 
(inferior thyroid), the lower region of the neek (transverse eervieal), 
and the dorsal scapular region (suprascapular). The eostoeervieal 
trunk supplies the deep neek (deep eervieal) and several intereostal 
spaees (supreme intereostal). The dorsal scapular braneh is 
ineonstant; it may arise from the transverse eervieal artery. 


Clinical: The branehes of the subclavian artery anastomose with 
branehes of the axillary artery around the shoulder joint, with 
branehes of the thoraeie aorta (intereostal branehes) along the 
rib eage, aeross the midline of the neek and faee via branehes 
from both external earotid arteries, and with the internal earotid 
arteries and the vertebral branehes (eirele of Willis on the 
brainstem). These intereonneetions are important if the 
vasculature in 1 region is eompromised. 
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Carotid Arteries 
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Oarotid Arteries 


1 . 

Superficial temporal artery 

7 . 

Aseending pharyngeal 

2 . 

Oeeipital artery 


artery 

3 . 

Internal earotid artery 

8 . 

Lingual artery 

4 . 

External earotid artery 

9 . 

Faeial artery 

5 . 

Oommon earotid artery 

10 . 

Posterior auricular artery 

6 . 

Superior thyroid artery and 
Superior laryngeal braneh 

11 . 

Maxillary artery 


Comment: The eommon earotid artery aseends in the neek in the 
earotid sheath. At aboiit the level of the superior border of the 
thyroid eartilage it divides into the internal earotid artery, which 
passes into the cranium, and the external earotid artery, which 
supplies more superficial structures lying outside the skull. The 
external earotid artery gives rise to 8 branehes. 

These 8 branehes supply much of the blood to the head outside of 
the cranium, although several branehes also ultimately enter the 
eranial regions (meningeal and auricular branehes of the maxillary 
artery, 1 of the terminal branehes of the external earotid). 


Clinical: The branehes of the external earotid arteries 
anastomose aeross the midline neek (superior thyroid arteries) 
and the faee to provide eollateral circulation should an artery be 
eompromised by occlusion or laeerated in trauma. 

The small branehes of the superficial temporal artery supply 
the sealp, which bleeds profusely when cut because the 
small arteries are held open (rather than retraeted into the 
subcutaneous tissue) by the tough eonneetive tissue lying just 
beneath the skin (epidermis and dermis). 
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Maxillary Artery 
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Maxillary Artery 


1. Sphenopalatine artery 

2 . Posterior superior alveolar artery 

3 . Deseending palatine artery in pterygopalatine fossa 

4 . Inferior alveolar artery 

5 . Middle meningeal artery 

6 . Deep temporal arteries and nerves 

eomment: The maxillary artery is 1 of the 2 terminal branehes of 
the extemal earotid artery. It passes superficially or deeply to the 
lateral pterygoid muscle and courses medially in the infratemporal 
fossa. Deseriptively, it is divided into 3 parts. 

The Ist (retromandibular) portion of this artery gives rise to branehes 
supplying the tympanie eavity and membrane, dura, mandibular teeth 
and gums, ear, and ehin. The 2nd (pterygoid) portion supplies the 
muscles of mastieation and the buccinator. The 3rd (pterygopalatine) 
part supplies the maxillary teeth and gums, portions of the faee, 
orbit, palate, auditory tube, superior pharynx, paranasal sinuses, and 
nasal eavity. 


Clinical: A nosebleed, or epistaxis, is a eommon occurrence 
and often involves the riehly vascularized region of the vestibule 
and the anteroinferior aspeet of the nasal septum (Kiesselbaeh’s 
area). Many of these small nasal arteries and arterioles are 
branehes of the maxillary artery and faeial artery (lateral nasal 
and septal branehes). 
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Arteries of Oral and 
Pharyngeal Regions 
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Arteries of Oral and 
Pharyngeal Regions 


1 . 

Middle meningeal artery 

6 . 

Internal earotid artery 

2 . 

Buccal artery 

7 . 

Faeial artery 

3 . 

External earotid artery 

8 . 

Maxillary artery 

4 . 

Superior thyroid artery 

9 . 

Superficial temporal artery 

5 . 

Common earotid artery 




Comment: Arteries of the oral and pharyngeal regions arise prinei- 
pally from branehes of the external earotid artery. The external earotid 
gives rise to 8 branehes: the superior thyroid artery, lingual artery, 
faeial artery, aseending pharyngeal artery, oeeipital artery, posterior 
auricular artery, maxillary artery, and superficial temporal artery. 

The maxillary artery contributes many branehes to the infratemporal 
region, nasal eavities, and muscles of mastieation. Deseriptively, the 
maxillary artery is divided into 3 parts (some of its branehes are 
shown in this figure). 

The Ist (retromandibular) portion of this artery gives rise to branehes 
supplying the tympanie eavity and membrane, dura, mandibular teeth 
and gums, ear, and ehin. The 2nd (pterygoid) portion supplies the 
muscles of mastieation and the buccinator. The 3rd (pterygopalatine) 
part supplies the maxillary teeth and gums, portions of the faee, 
orbit, palate, auditory tube, superior pharynx, paranasal sinuses, and 
nasal eavity. 


eiinieal: Anastomoses among the branehes of the faeial and 
maxillary arteries are eommon and provide some eollateral 
circulation to the faee if 1 artery is eompromised. 
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Veins of Oral and Pharyngeal Regions 
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Veins of Oral and Pharyngeal Regions 


1. Pterygoid plexus 

2. Superior laryngeal vein 

3. Middle thyroid vein 

4. Inferior thyroid veins 

5. Subclavian vein 

6 . Internal jugular vein 

7. Common trunk for faeial, retromandibular, and lingual veins 

8 . External jugular vein (cut) 

9. Retromandibular vein 

10. Superficial temporal vein and artery 

Comment: Veins of the faeial, oral, and pharyngeal regions are 
largely tributaries that ultimately eolleet in the internal jugular vein. In 
the infratemporal region, a pterygoid plexus of veins communicates 
with the cavernous sinus and veins of the orbit and oral eavity. 

Many of the veins of this region have the same names as their 
eorresponding arteries. 

Key veins are as follows: The retromandibular vein reeeives 
tributaries from the temporal and infratemporal regions (pterygoid 
plexus), nasal eavity, pharynx, and oral eavity. The internal jugular 
vein drains the brain, faee, thyroid gland, and neek. The external 
jugular vein drains the superficial neek, lower neek and shoulder, and 
upper baek (often communicates with the retromandibular vein). 


eiinieal: These veins generally do not possess valves and 
therefore provide avenues for the spread of infeetion throughout 
the head and neek region. The pterygoid plexus of veins has 
eonneetions with the ophthalmie veins (and to the cavernous 
sinus via these veins), faeial veins, and superficial temporal veins 
and their small tributaries, which also pass through the skull as 
emissary veins to drain into the dural venous sinuses. 
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Arteries of Brain: Inferior View 
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Arteries of Brain: Inferìor View 


1. Anterior communicating artery 

2. Anterior eerebral artery 

3. Internal earotid artery 

4. Middle eerebral artery 

5. Posterior communicating artery 

6. Posterior eerebral artery 

7. Superior eerebellar artery 

8. Basilar artery 

9. Anterior inferior eerebellar artery 

10. Vertebral artery (cut) 

11. Posterior inferior eerebellar artery 

Comment: Branehes of the internal earotid and vertebral arteries 
supply the brain. After entering the foramen magnum, the 2 
vertebral arteries join to form the basilar artery. The latter continues 
forward on the anterior aspeet of the brainstem, and its branehes 
anastomose with the branehes of the intemal earotid artery to form 
the eerebral arterial eirele of Willis (dashed line). 

The anterior circulation to the brain eneompasses the anterior and 
middle eerebral arteries. The posterior circulation eneompasses the 
vertebrobasilar system and the posterior eerebral artery. Generally, 
the arteries supplying the brain are end arteries, with insufficient 
anastomotie eonneetions to eompensate for occlusion of an artery. 


Clinical: The most eommon cause of subarachnoid hemorrhage 
(bleeding into the subarachnoid spaee) is the rupture of a 
saccular, or berry, aneurysm of one of the arteries of the eerebral 
and brainstem circulation. Berry aneurysms eommonly occur at 
artery braneh points, with about 85% occurring between the 
anterior eerebral, internal earotid, and middle eerebral branehes. 
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Diiral Venoiis Sinuses 


Sagittal seetion 
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Dural Venous Sinuses 


1. Inferior sagittal sinus 

2. Anterior and Posterior intercavernous sinuses 

3. Sigmoid sinus 

4. Transverse sinus 

5. Oeeipital sinus 

6 . Confluence of sinuses 

7. Superior sagittal sinus 

8 . Straight sinus 

9. Great eerebral vein (Galen’s vein) 

Comment: The dural venous sinuses form betvveen the periosteal 
(endosteal) and meningeal layers of the dura mater. The superficial 
and deep regions of the brain are drained by the superior sagittal 
and inferior sagittal venous sinuses. Most of the venous blood from 
the brain eolleets in these dural venous sinuses and ultimately drains 
into the intemal jugular veins. 

infeetions ean gain aeeess to these dural venous sinuses and spread 
to other regions of the head. 


Clinical: Much of the blood returning from the eerebral eortieal 
areas passes from the eortieal surface aeross the subarachnoid 
spaee, pierees the araehnoid and meningeal dural layer, and 
empties into the superior sagittal dural venous sinus. VVith aging, 
the brain volume deereases, and sudden motion of this smaller 
brain in the eranial vault, typieally from falls and a bump on the 
head in elderly individuals, ean cause a tearing of the bridging 
veins. VVhen this happens, bleeding ean occur betvveen the 
araehnoid and meningeal dural layer, causing a subdural 
hematoma. 
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Sehematie of Meninges 


1. Diploie veins 

2. Superior sagittal sinus 

3. Granular foveola (indentation of skull by araehnoid granulation) 

4. Lateral (venous) lacuna 

5. Inferior sagittal sinus 

6. Middle meningeal vessels 

7. Pia mater 

8. Subarachnoid spaee 

9. Araehnoid mater 

10. Dura mater (periosteal and meningeal layers) 

11. Oerebral vein penetrating subdural spaee to enter sinus 

12. Araehnoid granulation 

Comment: The meninges include the dura mater (periosteal and 
meningeal layers), the araehnoid mater, and the pia mater. In the 
subarachnoid spaee, eerebral veins draining the cortex are bathed in 
the eerebrospinal fluid. These eerebral veins ultimately drain venous 
blood into the dural venous sinuses. 

The araehnoid granulations are tufts of araehnoid villi that projeet 
into the superior sagittal sinus and return circulating eerebrospinal 
fluid to the venous system. About 500 mL of eerebrospinal fluid is 
produced daily by the ehoroid plexus. 


eiinieal: Veins of the sealp communicate with the dural venous 
sinuses via emissary veins. Because these veins are valveless, 
infeetions from the sealp ean gain aeeess to the eranial eavity. 
Therefore, sealp wounds should be eleansed thoroughly to 
prevent infeetion. Diploie veins (veins in the diploè, or spongy 
bone, of the skull) also eonneet to emissary veins and may drain 
into the dural venous sinuses. 
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Superficial Faee and Parotid Gland 
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Siiperfieial Faee and Parotid Gland 


1. 

Parotid gland 

6. 

Parotid duct 

2. 

Main trunk of faeial nerve 

7. 

Masseter muscle 


emerging from stylomastoid 

8. 

Faeial artery and vein 


foramen 

9. 

Cervical braneh of faeial 

3. 

Sternoeleidomastoid muscle 


nerve 

4. 

External jugular vein 



5. 

Temporal branehes of faeial 




nerve 




Comment: The parotid salivary gland is the largest of the 3 paired 
salivary glands. 

The parotid duct passes horizontally from the gland, pierees the 
buccinator muscle, and enters the oral eavity opposite the 2nd 
maxillary molar tooth. 

The faeial nerve (CN VII) exits through the stylomastoid foramen, 
passes through the parotid gland, and distributes its 5 terminal 
branehes over the faee. These are the temporal, zygomatie, buccal, 
marginal mandibular, and eervieal branehes. These nerves innervate 
the muscles that provide faeial expression. 


eiinieal: Surgery involving the parotid gland (tumor reseetion) 
plaees the terminal motor branehes of the faeial nerve (CN VII) in 
jeopardy, which could result in paralysis or weakness to the 
faeial muscles. 

A stone (calculus) may occlude the parotid (Stensen’s) duct, 
neeessitating its removal. 

The parotid gland is innervated by the glossopharyngeal nerve 
(CN IX) via preganglionie parasympathetie fibers that course 
to the otie ganglion via the lesser petrosal nerve, synapse 
there, and send postganglionie fibers to the gland via the 
auriculotemporal braneh of CN V 3 . 


Head and Neek 


Atlas Plate 24 
See also Plate 124 






L 1 






V 


Laerimal Apparatus 
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Laerimal Apparatiis 


1. Orbital part of laerimal gland 

2. Pliea semilunaris and laerimal lake 

3. Laerimal eamnele 

4. Inferior laerimal papilla and punctum 

5. Inferior nasal meatus 

6 . Nasolaerimal duct 

7. Laerimal sae 

8 . Laerimal canaliculi 

Comment: The laerimal apparatus eonsists of the laerimal glands, 
which seerete tears, and a system of eolleetion ducts. Laerimal 
ducts eonvey tears from the glands to the conjunctival sae, and the 
laerimal canaliculi drain them into the laerimal sae. Next, tears drain 
down the nasolaerimal duct and empty into the inferior nasal meatus 
behind the inferior nasal eoneha. 

Production of tears is under parasympathetie autonomic eontrol 
exerted by nerve fibers that originate in the faeial nerve (CN VII) and 
ultimately reaeh the glands via the laerimal nerve, a braneh of the 
ophthalmie division of the trigeminal nerve. 


eiinieal: The tears eontain albumins, laetoferrin, lysozyme, 
lipids, metabolites, and eleetrolytes and provide a proteetive layer 
of fluid that helps keep the eornea moist and proteeted from 
infeetion. Dry eye (insufficient tear production) is not uncommon 
and ean be treated with lubricating moisturizing eyedrops or 
systemieally with preseription medieations. 
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Eyeball: Horizontal Seetion 


Horizontal seetion 
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Eyeball: Horizontal Seetion 


1. Comea 

2. Lens 

3. Iris 

4. Ciliary body and eiliary muscle 

5. Optie (visual) part of retina 

6. Choroid 

7. Selera 

8. Fovea eentralis in macula 

9. Optie nerve (CN II) 

10. Vitreous body 

11. Anterior ehamber 

Comment: The eyeball has 3 layers: an external fibrous layer 
eonsisting of the selera and eornea; a middle vascular pigmented 
layer eonsisting of the ehoroid, eiliary body, and iris; and an internal 
neural layer, the retina. 

The fovea eentralis, a eentral depression in the macula, is an 
avascular region that eontains eones but no rods. This area provides 
the most acute vision. 

Light passes to the retina through the refraetive media of the eye, 
which eonsists of the eornea, aqueous humor, lens, and vitreous 
humor. 


eiinieal: An opaeity of the lens is ealled a eataraet. Treatment 
often involves surgically removing the lens and implanting a 
plastie lens and then eorreeting the vision with glasses. 
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Anterior and Posterior Chambers 

of the Eye 
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Anterior and Posterior Chambers 
of the Eye 


1 . 

Cornea 

7. 

Zonular fibers 

2. 

Trabecular meshwork 

8. 

Posterior ehamber 

3. 

Seleral venous sinus 

9. 

Dilator muscle of pupil 


(Sehlemm’s eanal) 

10 . 

Sphineter muscle of pupil 

4. 

Selera 

11. 

Lens 

5. 

Ciliary body 

12. 

Iris (folds) 

6. 

Ciliary muscle (meridional 

13. 

Anterior ehamber 


and circular fibers) 


Comment: The region of the eyeball (globe) between the zonular 
fibers and the iris is the posterior ehamber. It communicates, by an 
opening in the iris (the pupil), with the anterior ehamber lying between 
the iris and the eornea. Aqueous humor, continuously produced by 
the eiliary proeess of the eiliary body, fills these 2 ehambers and is 
absorbed into the trabecular meshwork and seleral venous sinus. 

The dilator and sphineter smooth muscles of the iris account for the 
dilation and eonstrietion of the pupillary opening. 

Contraction of the eiliary muscle (circular fibers) has a sphineterie 
aetion on the eiliary body such that the zonular fibers relax and the 
elastie lens beeomes more rounded, leading to aeeommodation for 
focusing on objeets elose to the eye. 


Clinical: An inerease in ocular pressure above normal ean lead 
to glaucoma. This eondition usually results from inereased 
resistanee to outflow of the aqueous humor via the seleral 
venous sinus (eanal of Sehlemm). This inerease in pressure ean 
damage the optie dise where axons are passing from retinal 
ganglion eells through the optie nerve to the brainstem. 
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Ear: Frontal Seetion 



Note: Arrows indieate course of sound waves 
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Ear: Frontal Seetion 


1 . 

Incus 

7. 

Vestibulocochlear nerve 

2. 

Malleus (head) 


(CN VIII) 

3. 

Tympanie membrane 

8. 

Semicircular ducts, 

4. 

Round (eoehlear) window 


ampullae, utricle, and 

5. 

Pharyngotympanie (auditory, 


saccule 


eustachian) tube 

9. 

Stapes in oval (vestibular) 

6. 

Cochlea 


window 


Comment: The external ear eonsists of the auricle and the external 
acoustic meatus. 

The middle ear eonsists of the tympanie eavity and its 3 ossieles. 
The lateral wall of the tympanie eavity is formed by the tympanie 
membrane (eardmm). The medial wall eontains the oval and round 
windows. The auditory ossieles include the malleus (hammer), incus 
(anvil), and stapes (stirmp). The middle ear eonneets to the 
nasopharynx by the auditory (eustachian) tube. Via the auditory tube, 
air may enter or leave the middle ear eavity and equalize middle ear 
pressure with atmospherie pressure. 

The inner ear eonsists of the eoehlea and the vestibular apparatus. 
The acoustic apparatus and vestibular apparatus are innervated by 
CN VIII, the vestibulocochlear nerve. 

The external ear is innervated by branehes from CN V 3 , CN VII, and 
CN X. The middle ear is innervated by the glossopharyngeal nerve 
(CN IX). 


eiinieal: Acute otitis externa, better known as swimmer’s ear, 
is an inflammation or infeetion of the external ear. Acute otitis 
media (earaehe) is an inflammation of the middle ear and is 
eommon in ehildren younger than age 15. 
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Lateral Wall of Nasal Cavity 



Head and Neek 


1-81 



















Lateral Wall of Nasal Cavity 


1. Frontal sinus 

2. Middle nasal eoneha 

3. Middle nasal meatus 

4. Inferior nasal eoneha (turbinate) 

5. Opening of pharyngotympanie (auditory, eustachian) tube 

6 . Pharyngeal tonsil (adenoid if enlarged) 

7. Sphenoidal sinus 

8 . Hypophysis (pituitary gland) in sella turcica 

Comment: The lateral nasal wall is eharaeterized by 3 nasal 
eonehae (ealled turbinates if eovered by mucosa). The spaee 
beneath eaeh eoneha is the meatus. 

The nasolaerimal duct opens into the inferior nasal meatus. The 
frontal sinus and maxillary sinus open into the middle nasal meatus. 
Additionally, the anterior and middle ethmoidal sinuses open on the 
ethmoidal bulla, beneath the middle nasal eoneha. The posterior 
ethmoidal sinus opens in the superior meatus, and the sphenoidal 
sinus opens in the spheno-ethmoidal reeess. 

The vascular supply of this region is via branehes of the 
sphenopalatine artery (from the maxillary artery), and the innervation 
is from the maxillary nerve or CN V 2 (general sensation), CN I 
(olfaetion), and CN VII (seeretomotor fibers to the mucous glands via 
the pterygopalatine ganglion). 


eiinieal: Rhinosinusitis is an inflammation of the paranasal 
sinuses, espeeially the ethmoidal and maxillary sinuses, and 
nasal eavity. This infeetion usually results from a respiratory virus 
or seeondary baeterial infeetion. Nasal eongestion, faeial pain 
and pressure, diseharge, fever, headaehe, painful maxillary teeth, 
and halitosis are some of the signs and symptoms. 
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Salivary Glands 
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Salivary Glands 


1. Branehes of faeial nerve 

2. Transverse faeial artery 

3. Parotid duct 

4. Sublingual gland 

5. Submandibular duct 

6 . Submandibular gland 

7. Parotid gland 

Comment: The parotid gland empties into the oral eavity via the 
parotid duct. The submandibular gland empties into the floor of the 
mouth via the submandibular duct, which lies beneath the oral 
mucosa in elose relationship to the lingual nerve. The sublingual 
salivary gland opens through several small ducts beneath the tongue. 

The parotid gland is a totally serous gland, whereas the 
submandibular salivary gland is mostly serous and partially mucous. 
The sublingual salivary gland is almost eompletely mucous. 

Minor salivary glands exist in the mucosa of the hard palate, eheeks, 
tongue, and lips. 


eiinieal: Sometimes a small calculus (stone) ean obstmet a 
parotid or submandibular salivary gland duct. Additionally, 
both glands may harbor a tumor, neeessitating their reseetion. 
In the ease of the parotid gland, great eare must be taken by 
the surgeon to spare the terminal branehes of the faeial nerve, 
which passes through the parotid gland after its exit from the 
stylomastoid foramen. 
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Parathyroid and Thyroid Glands: 

Posterior View 
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Parathyroid and Thyroid Glands: 
Posterior View 



1. Superior laryngeal nerve 

2. Superior thyroid artery 

3. Superior parathyroid gland 

4. Inferior parathyroid gland 

5. Thyroeervieal trunk 

6 . Recurrent laryngeal nerve 

7. Inferior thyroid artery 

8 . Right lobe of thyroid gland 

Comment: Because of their embryonie development, the 
parathyroid glands, espeeially the inferior pair, may vary in loeation. 
Although most people have 4 parathyroid glands, it is not uncommon 
to have more than 4. 

During neek surgery, it is important to note the loeation of the 
recurrent laryngeal nerves. Both recurrent nerves typieally aseend in 
the traeheo-esophageal groove and are in elose relationship to the 
right and left lobes of the thyroid gland. The right recurrent laryngeal 
nerve loops around the right subclavian artery, whereas the left 
recurrent laryngeal nerve loops around the areh of the aorta. 


Clinical: The most eommon type of hyperthyroidism in patients 
younger than 40 years is Graves’ disease. The excess release of 
thyroid hormone upregulates tissue metabolism and leads to 
symptoms indieating inereased metabolism (excitability, flushing, 
warm skin, inereased heart rate, shortness of breath, tremor, 
exophthalmos, myxedema, goiter). 

Primary hyperparathyroidism leads to the seeretion of excess 
parathyroid hormone that inereases plasma calcium levels at the 
expense of calcium deposition in the bones (weakens the bones). 
Normally, about 99% of the body’s calcium is stored in bone. 


Head and Neek 


Atlas Plate 78 
See also Plate 82 
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Pharynx: Opened Posterior V ew 


1. Ohoanae 

2 . Nasopharynx 

3 . Oropharynx 

4 . Laryngopharynx 

5 . Piriform fossa 

6 . Epiglottis 

7 . Uvula 

8 . Soft palate 

Comment: The pharynx eonsists of the nasopharynx, oropharynx, 
and laryngopharynx. The nasopharynx lies direetly behind the nasal 
eavities, or ehoanae. The oropharynx lies betvveen the soft palate 
and epiglottis, direetly behind the oral eavity. The laryngopharynx 
(also ealled the hypopharynx) is the lovver portion of the pharynx; 
it lies betvveen the epiglottis and the beginning of the esophagus. 

During svvallovving, food moves from the oral eavity into the 
oropharynx, prompting the soft palate to rise and seal off the 
nasopharynx. The epiglottis bends dovvnvvard, vvhile the laryngeal 
apparatus moves upward, elosing off the laryngeal inlet (aditus). The 
bolus of food easeades around the epiglottis and passes through the 
piriform fossae to enter the upper esophagus. 


eiinieal: Small bones (fish bones) ean beeome lodged in the 
piriform fossae, causing great pain and a feeling of ehoking or 
gagging. Caution must be exercised when removing the bone 
so as not to damage the underlying mucosa because the 
internal braneh of the superior laryngeal nerve (sensory to the 
laryngopharynx and larynx above the voeal folds) lies just 
beneath this mucosa. 
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Vertebral Column 


Left lateral view Posterior view 
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Vertebral Column 


1. Atlas(C1) 

2. T1 

3. L1 

4 . Coccyx 

5 . Sacrum(S1-5) 

6 . Lumbar vertebrae 

7 . Thoraeie vertebrae 

8 . Cervical vertebrae 

9 . Axis (C2) 

Comment: Typieally, the vertebral column eomprises 7 eervieal, 12 
thoraeie, 5 lumbar, 5 saeral (fused), and 4 eoeeygeal (last 3 fused) 
vertebrae. 

Primary curvatures of the vertebral column include the thoraeie 
curvature and saeral curvature. Seeondary curvatures include the 
eervieal curvature and lumbar curvature. Seeondary curvatures 
develop during infaney as ehildren begin to bear the weight of the 
head, sit up, stand, and support their own weight. 

The eervieal and lumbar spine allow for greater movement than the 
other regions of the vertebral column. 

Note from the illustration that intervertebral dises separate individual 
bodies of the adjaeent vertebrae (except between the first 2 eervieal 
vertebrae, ealled the atlas and axis, and the fused saemrn and 
coccyx). 


eiinieal: An accentuated lateral and rotational curvature of the 
thoraeie or lumbar spine is ealled seoliosis. An accentuated flexion 
of the thoraeie spine is kyphosis (hunchback), and an accentuated 
extension of the lumbar spine is lordosis (swayback). 
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Cervical Vertebrae 


Superior view 
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Cervical Vertebrae 


1. Body 

2 . Transverse proeess 

3 . Foramen transversarium 

4 . Pediele 

5 . Lamina 

6 . Dens 

7 . Spinous proeesses 

Comment: The first 2 eervieal vertebrae are the atlas and axis (see 
Seetion 1 , Head and Neek for a deseription). 

The eervieal spine allows for eonsiderable movement. 

Atypieal eervieal vertebra has a body, pediele, lamina, and spinous 
proeess. 

The transverse proeesses of the eervieal vertebrae eontain the 
transverse foramen, which allows for passage of the vertebral vessels. 

The lower illustration shows the articulated eervieal vertebrae from C2 
to C7 and the Ist thoraeie vertebra. The 7th eervieal vertebra is ealled 
the vertebra prominens because of its long spinous proeess. The 
intervertebral dises between adjaeent vertebrae have been removed. 


Clinical: Cervical dise herniation (a herniation of the nucleus 
pulposus) usually occurs in the absenee of trauma and is often 
related to dehydration of the nucleus pulposus. Motor and 
sensory loss may occur if the herniation eompresses a nerve 
root or the spinal nerve. Common sites include the C5-6 or C6-7 
intervertebral dises. 
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Thoraeie Vertebrae 



Superior view 



Lateral view 



Lateral view 



Baek and Spinal Cord 
















Thoraeie Vertebrae 


1. Vertebral foramen 

2 . Lamina 

3. Pediele 

4 . Body 

5 . Inferior articular proeess and faeet 

6 . Spinous proeess 

7 . Inferior vertebral noteh 

8 . Inferior eostal faeet 

9. Transverse eostal faeet 

10. Superior eostal faeet 

eomment: Typieal thoraeie vertebrae have eostal faeets. The 
superior eostal faeet articulates with the head of the eorresponding 
rib, the inferior faeet articulates with the rib below, and the transverse 
eostal faeet articulates with the tubercle of the eorresponding rib. 

The body, pediele, and lamina enelose the vertebral foramen, which 
houses the spinal eord and its meningeal eoverings. 

The spinous proeesses of the thoraeie vertebrae are long and oriented 
posteriorly. 

The thoraeie region of the spine allows for some movement but is 
eonstrained by the articulation of the ribs to the vertebrae posteriorly 
and the sternum anteriorly. 


eiinieal: The thoraeie vertebrae articulate with the ribs and 
provide a stout “thoraeie eage” that proteets the thoraeie viseera. 
Movement of the thoraeie spine is limited eompared with the 
lumbar and eervieal spine. 
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Liimbar Vertebra 


1. Vertebral body 

2 . Vertebral foramen 

3 . Pediele 

4 . Transverse proeess 

5 . Superior articular proeess 

6 . Lamina 

7 . Spinous proeess 

Comment: Typieal lumbar vertebrae have large bodies and massive 
transverse proeesses. They support the weight of the trunk and 
provide attaehment sites for muscles of the trunk and baek. 

The lumbar region of the spine allows for eonsiderable movement 
(flexion, extension, lateral bending, and rotation). Although lumbar 
vertebrae have long transverse proeesses for muscle attaehment, 
they do not articulate with ribs. 


eiinieal: The lumbar spine is designed both for support and 
movement. Lumbar spinal pain is eommon and often is due to 
muscle pain (extensor muscles), ligament pain, or dise-related 
pain, often affeeting a spinal nerve. Herniated intervertebral dises 
are most eommon in the lumbar region, espeeially the dises 
between L4-L5 and between L5-S1. An L4-L5 herniation may 
eompress the L5 spinal nerve root, while herniation between 
L5-S1 may eompress the S1 spinal nerve root. 
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Liimbar Vertebrae 



Intervertebral dise 
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Liimbar vertebrae, assembled 

left lateral view 
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Liimbar Vertebrae 


1. Anulus fibrosus 

2 . Nucleus pulposus 

3 . Intervertebral dise 

4 . Inferior articular proeess 

5 . Inferior vertebral noteh 

6 . Intervertebral foramen 

7 . Superior vertebral noteh 

eomment: Intervertebral dises form seeondary cartilaginous joints 
(symphyses) between the bodies of 2 adjaeent vertebrae. They are 
present from the axis to the saernm, but there are no dises between 
the atlas and axis (C1 and C2). They serve as shoek absorbers. 

A dise eonsists of a eentral nucleus pulposus surrounded by a 
fibrocartilaginous anulus fibrosus. 

Adjaeent inferior and superior vertebral notehes form an intervertebral 
foramen that allows a spinal nerve to exit. 

The joints of the vertebral arehes are plane synovial joints between the 
superior and inferior articular proeesses (faeets) that allow for some 
gliding or sliding movement. 


eiinieal: An accentuated lumbar lordosis is an abnormal 
extension of the lumbar spine (swayback) and is eommon in 
women during the third trimester of pregnaney when the weight of 
the fetus plaees stress on the lower lumbar region. 

Dise herniation also is eommon in the lumbar spine, espeeially 
between L4-5 and L5-S1 intervertebral dises. 
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Vertebral Ligaments: Lumbar Region 

Left lateral view (partially 
seetioned in median plane) 






Posterior vertebral 
segments: anterior view 
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Vertebral Ligaments: Lumbar Region 


1. Anterior longitudinal ligament 

2 . Intervertebral dise 

3. Posterior longitudinal ligament 

4 . Pediel e (cut SLirfaee) 

5 . Ligamentum flavum 

6 . Supraspinous ligament 

7 . lnterspinous ligament 

8 . Ligamentum flavum 

9 . Capsule of zygapophysial joint (partially opened) 

eomment: Intervertebral dises form seeondary cartilaginous joints 
(symphyses) betvveen the bodies of adjaeent vertebrae. They are 
secured by the anterior and posterior longitudinal ligaments. There is 
no dise betvveen the atlas and axis. 

Ligaments of the vertebral column include the anterior and posterior 
longitudinal ligaments. The former run along the anterior surfaces 
of the vertebral bodies. The latter run along the posterior surfaces. 
The ligamentum flavum eonneets adjaeent laminae and limits flexion. 
Supraspinous (limit flexion) and interspinous (vveak ligaments) 
ligaments run betvveen adjaeent spinous proeesses. 

The anterior longitudinal ligaments limit extension of the vertebral 
column; the posterior longitudinal ligaments limit flexion. The anterior 
longitudinal ligament is stronger than the posterior longitudinal 
ligament. The ligamenta flava help support an upright posture. 


eiinieal: Excessive flexion, espeeially extension, of the vertebral 
column ean plaee the longitudinally mnning ligaments at risk for 
tearing vvhen they are stretehed. 
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Posterior siiperior view 
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Sacrum and Coccyx 


1. Lumbosacral articular surface 

2 . Ala (lateral part) 

3. Coccyx 

4 . Superior articular proeess 

5. Promontory 

6. Anterior (pelvie) saeral foramina 

7 . Auricular articular surface 

8. Median saeral erest 

9. Saeral hiatus 

10 . Saeral cornu (horn) 

11. Posterior saeral foramina 

Comment: The vvedge-shaped sacrum represents the 5 fused 
saeral vertebrae. Because it forms the posterior aspeet of the pelvis, 
it provides stability and strength to the pelvie architecture. 

Four pairs of anterior and posterior saeral foramina provide exits for 
the ventral and dorsal rami of spinal nerves. 

The coccyx is also a vvedge-shaped bone; the Ist eoeeygeal segment 
is not fused, but the remaining 3 vertebrae are fused. 


Clinical: Falling on your “tail bone” ean actually fracture the 
coccyx. The coccyx is a remnant of our embryonie tail, vvhieh is 
present in early development but is largely absorbed leaving no 
indieation of our tail except for the small subcutaneous coccyx. 
If the remnant persists, it ean be eosmetieally eorreeted. 
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Miiseles of Baek 
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Muscles of Baek 


1. Splenius eapitis muscle 

2 . Splenius eervieis muscle 

3. Rhomboid minor muscle (cut) 

4 . Serratus posterior superior muscle 

5 . Rhomboid major muscle (cut) 

6 . Serratus posterior inferior muscle 

7 . Ereetor spinae muscles (eovered with investing faseia) 

8 . Thoracolumbar faseia 

9 . Latissimus dorsi muscle 

10 . Trapezius muscle 

Comment: Extrinsic muscles of the baek are really eoneerned with 
movements of the upper limb or of the rib eage and are not true 
“intrinsie” baek muscles. The trapezius, latissimus dorsi, levator 
scapulae, rhomboid major and minor, and the serratus posterior 
superior and inferior muscles are extrinsic muscles. All of these 
muscles are eoneerned with movements of the upper limb except the 
serratus muscles, which move the rib eage. They are shown in detail 
in Ohapter 6 in this box. The ereetor spinae muscles are true intrinsie 
baek muscles. 


Clinical: The extrinsic muscles ean be strained with excessive 
movements of the neek, upper limbs or rib eage. 
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Intrìnsie Muscles of Baek: 

Superficial Layers 
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Intrinsie Miiseles of Baek: 
Superficial Layers 



1. Splenius eapitis muscle 

2 . Splenius eervieis muscle 

Origin: These muscles blend together and arise from the ligamentum 
nuchae and the spinous proeesses of the C7-T6 vertebrae. 

Insertion: Capitis fibers insert into the mastoid proeess of the 
temporal bone and the lateral third of the superior nuchal line of the 
oeeipital bone. The eervieis fibers aseend to attaeh to the posterior 
tubercles of the transverse proeesses of the C1-3 vertebrae. 

Aetion: Aeting with their opposite partners, the splenius eapitis and 
splenius eervieis extend the head and neek. Aeting unilaterally, they 
laterally bend the head and neek to the side of the eontraetion. 

Innervation: The eapitis is innervated by the dorsal rami of the 
middle eervieal spinal nerves. The eervieis is innervated by the dorsal 
rami of the lower eervieal spinal nerves. 

eomment: The splenius eapitis and splenius eervieis form the 
superficial layer of intrinsie baek muscles. Generally, intrinsie baek 
muscles are innervated by dorsal rami of spinal nerves. 


eiinieal: As intrinsie muscles that extend the neek, these 
muscles ean be involved in neek pain. This pain may be a result 
of simple muscle tension, holding one’s neek in an unusual fixed 
position for a long period of time (awake or in sleeping), or from 
hyperextension. 
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Extrinsic Muscles of Baek 


1. Rhomboid minor muscle 

2 . Rhomboid major muscle 

Origin: The rhomboid minor arises from the ligamentum nuchae and 
the spinous proeesses of the C7 and T1 vertebrae. The rhomboid 
major arises from the spinous proeesses of the T2-5 vertebrae. 

Insertion: The fibers of these 2 muscles often blend together and 
attaeh to the medial border of the scapula from about the level of the 
spine to the inferior angle. 

Aetion: These muscles retraet the scapula and rotate it to depress 
the glenoid eavity. They also fix the scapula to the thoraeie wall. 

Innervation: Dorsal scapular nerve (C4 and C5). 

eomment: The rhomboid minor and rhomboid major muscles 
are superficial baek muscles. Most superficial baek muscles have 
attaehments to the scapula and are involved with movements of the 
upper limb. 


Clinical: Damage to the dorsal scapular nerve ean weaken the 
rhomboid muscles, resulting in an ipsilateral lateral shift of the 
scapula as the pull of the other scapular muscles draws the bone 
toward the shoulder. 
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Extrinsic Miiseles of Baek: 

Intermediate Layers 
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Extrinsic Muscles of Baek: 
ntermediate Layers 



1. Serratus posterior superior muscle 

2 . Serratus posterior inferior muscle 

Origin: The serratus posterior superior attaehes to the ligamentum 
nuchae and the spinous proeesses of the C7-T3 vertebrae. The 
serratus posterior inferior attaehes to the spinous proeesses of the 
T11-L2 vertebrae. 

Insertion: Four fleshy digitations attaeh the serratus posterior 
superior to the 2nd to 5th ribs. The serratus posterior inferior divides 
into 4 flat digitations that insert into the inferior borders of the last 
4 ribs. 

Aetion: The serratus posterior superior elevates the ribs, vvhereas 
the serratus posterior inferior pulls the ribs outward and downward, 
counteracting the inward pull of the diaphragm. 

Innervation: The serratus posterior superior is innervated by the 
ventral rami of the T1 -4 spinal nerves. The serratus posterior inferior is 
supplied by the ventral rami of the T9-12 spinal nerves. 

eomment: These 2 muscles have attaehments to the ribs, are 
eonsidered muscles of the thoraeie wall (ean be lumped into extrinsic 
baek muscles), and aet on the ribs during respiration. These 2 
muscles are often thin and may be fused to overlying musculature. 


Clinical: These 2 sets of muscles are aeeessory muscles of 
respiration and may be well developed in athletes. In the elderly, 
however, they are often thin and even difficult to diseern. 
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Intrinsie Miiseles of Baek 
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Intrinsie Miiseles of Baek 


1. Semispinalis eapitis muscle 

Origin (inferior attaehment): Arises by a series of tendons from the 
transverse proeesses of the first 6 or 7 thoraeie vertebrae and the 7th 
eervieal vertebra. 

Insertion (superior attaehment): This broad muscle inserts 
between the superior and inferior nuchal lines of the oeeipital bone. 

Aetion: Extends the head and rotates it so that the faee turns toward 
the opposite side. 

Innervation: Dorsal rami of eervieal spinal nerves. 

Oomment: The semispinalis eapitis is 1 of 3 groups of semispinalis 
muscles. The other 2 are the eervieis and thoraeis groups. 

The semispinalis muscles are part of the transversospinal muscle 
group, which is situated deep to the ereetor spinae and fills the 
eoneave region between the transverse and spinous proeesses of 
the vertebrae. This group of muscles sometimes is referred to as the 
paravertebral muscles. 


eiinieal: These deep intrinsie muscles of the neek may beeome 
strained with excessive movements of the neek or when the neek 
is kept fixed in one position for a long time. 
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Intrinsie Miiseles of Baek 
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Intrinsie Miiseles of Baek 


1. Ereetor spinae muscle 

Origin (inferior attaehment): The ereetor spinae eomprise the 
ilioeostalis, longissimus, and spinalis. They arise by a broad tendon 
(deep to the thoracolumbar faseia) from the posterior aspeet of the 
iliae erest, the posterior aspeet of the saemrn, the saeral and inferior 
lumbar spinous proeesses, and the supraspinous ligament. 

Insertion (superior attaehment): The ilioeostalis muscles attaeh to 
the angles of lower ribs and the eervieal transverse proeesses. 

The longissimus muscles attaeh to the ribs between the tubercles 
and angles, to the transverse proeesses in the thoraeie and eervieal 
vertebral regions, and to the mastoid proeess of the temporal bone. 

The spinalis muscles attaeh to the spinous proeesses in the upper 
thoraeie region and mideervieal region and to the skull. 

Aetion: Together, these muscles extend the vertebral column and 
head. Llnilaterally, they bend the vertebral column laterally. 

Innervation: By dorsal rami of the respeetive spinal nerves in eaeh 
region. 

Comment: Because of their loeations, the ilioeostalis are elassified 
into lumborum, thoraeis, and eervieis groups; the longissimus, into 
thoraeis, eervieis, and eapitis groups; and the spinalis, into thoraeis, 
eervieis, and eapitis groups. 


Clinical: These strong extensors of the spine ean eome under 
extreme stress when lifting heavy objeets, espeeially when one 
lifts with their baek instead of keep their spine straight and lifting 
with the powerful leg muscles. 
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Intrinsie Miiseles of Baek: Deep Layers 


1. Rotatores eervieis muscle (Longus; Brevis) 

2 . Rotatores thoraeis muscle (Longus; Brevis) 

3 . Levatores eostamm muscle (Brevis; Longus) 

4 . Multifidus lumborum muscles 

5 . Multifidus thoraeis muscles 

6 . Semispinalis thoraeis muscle 

7 . Semispinalis eapitis muscle 

eomment: This plate shows the deepest layer of baek muscles, 
which includes the transversospinal, or paravertebral, muscles. The 
transversospinal muscles include the semispinalis, multifidi, and 
rotatores. Most of these muscles arise from the transverse proeesses 
of adjaeent vertebrae. They pass superiorly to attaeh to spinous or 
transverse proeesses of vertebrae above. 

The transversospinal muscles are important for stabilizing the 
vertebrae during movements of the vertebral column, and they ean 
assist in extension and rotary movements of the vertebrae. 


eiinieal: Clinicians often refer to the transversospinal muscles 
simply as the paravertebral muscles because they form a solid 
mass of muscle tissue interposed between the transverse and 
spinous proeesses. 

Myofaseial baek pain is a syndrome that is eommon but poorly 
understood. It involves loealized musculoskeletal pain (deep 
aehing or burning pain) assoeiated with speeifie trigger points, 
usually over the ereetor spinae muscles that maintain posture, 
espeeially in the neek and lower baek. 
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Siiboeeipital Triangle 



Baek and Spinal Cord 


2-15 






























Suboccipital Triangle 


1. Greater oeeipital nerve (dorsal ramus of C2 spinal nerve) 

2 . Great auricular nerve (eervieal plexus C2 and C3) 

3. Lesser oeeipital nerve (eervieal plexus C2 and C3) 

4 . 3rd (least) oeeipital nerve (dorsal ramus of C3 spinal nerve) 

5. Greater oeeipital nerve (dorsal ramus of C2 spinal nerve) 

6 . Obliquus eapitis inferior 

7 . Obliquus eapitis superior 

8 . Suboccipital nerve (dorsal ramus of C1 spinal nerve) 

9 . Rectus eapitis posterior major 

10. Rectus eapitis posterior minor 

Comment: The suboccipital region eomprises muscles in the deep, 
posterior aspeet of the neek, and these muscles are assoeiated with 
the atlas and axis (C1 and C2 vertebrae). 

These muscles are largely postural, but they also assist with head 
movements. The muscles of the suboccipital region are innervated by 
the dorsal ramus of C1, the suboccipital nerve. 

The first 3 pairs of eervieal spinal nerves (dorsal rami) are found in 
this region. Generally, the suboccipital nerve (dorsal ramus of C1) 
does not possess cutaneous sensory nerve fibers, so dermatome 
eharts showing the baek and top of the head begin with C2, rather 
than depieting a C1 dermatome. It does possess proprioeeptive fibers 
in addition to its somatie efferents and postganglionie sympathetie 
fibers. Note the presenee of the vertebral artery (from the subclavian) 
passing into the foramen magnum. 


Clinical: The vertebral arteries supply blood to the brain, along 
with the internal earotid arteries, and atheroselerosis of these 
arteries ean eompromise the blood supply to the brain. 


Baek and Spinal Cord 


Atlas Plate 175 








Baek and Spinal Cord 


2-16 






















Spinal Cord and Ventral Rami in Situ 


1 . 

C1 spinal nerve 

5 . 

Saeral plexus 

2 . 

Conus medullaris 

6 . 

Lumbar plexus 

3 . 

Cauda equina 

7 . 

Braehial plexus 

4 . 

Internal terminal filum 
(pial part) 

8 . 

Cervical plexus 


Comment: The spinal eord is the inferior extension of the brainstem; 
the eord and the brain make up the eentral nervous system. Thirty-one 
pairs of spinal nerves (8 eervieal, 12 thoraeie, 5 lumbar, 5 saeral, and 
1 eoeeygeal) course from the spinal eord. 

The spinal eord, similar to the brain, is surrounded by 3 meningeal 
layers. The innermost layer is the pia mater, which is elosely applied 
to the spinal eord. The middle layer is the araehnoid mater. The tough, 
outer fibrous meningeal layer is the dura mater. 

Dorsal and ventral roots of the lumbar and saeral spinal nerves form 
the cauda equina (horse’s tail). 

The terminal filum is an extension of pia mater from the tip (conus 
medullaris) of the spinal eord. It blends with dura at the apex of the 
dural sae and attaehes to the dorsum of the coccyx. It helps anehor 
the distal spinal eord. 


eiinieal: A spinal needle may be used to sample the 
eerebrospinal fluid in the subarachnoid spaee, and this procedure 
is done in the lower lumbar region where the needle will not 
penetrate the spinal eord (the eord ends at the L1 vertebral 
level). The roots of the cauda equina, bathed and floating in 
eerebrospinal fluid, will part and allow the needle to enter the 
subarachnoid spaee without puncturing a root. 
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Meninges and Nerve Roots 
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Meninges and Nerve Roots 


1. Dorsal root of spinal nerve 

2 . Spinal sensory (dorsal root) ganglion 

3 . Ventral ramus of spinal nerve 

4 . Dura mater 

5 . Araehnoid mater 

6 . Subarachnoid spaee 

7 . Pia mater overlying spinal eord 

8 . Denticulate ligament 

Comment: Dorsal (posterior) and ventral (anterior) filaments eombine 
in the intervertebral foramen to form the dorsal and ventral roots of the 
spinal nerve. Just distal to this point lies the spinal sensory, or dorsal 
root, ganglion. The dorsal root ganglion eontains the sensory nerve 
eell bodies. Eaeh spinal nerve divides into a very large ventral ramus 
and a much smaller dorsal ramus. 

About 20 pairs of denticulate ligaments anehor the spinal eord to the 
dura. Denticulate ligaments are pial extensions that pass laterally 
between the dorsal and ventral roots of spinal nerves to attaeh to the 
dura. 

The spinal eord is surrounded by 3 meningeal layers: the fibrous, 
tough outer dura mater, the middle araehnoid mater, and the investing 
pia mater. Cerebrospinal fluid is found in the spaee between the 
araehnoid mater and pia mater (subarachnoid spaee). 


Clinical: The subarachnoid spaee (brain and spinal eord) 
eontains about 150 mL of eerebrospinal fluid. The pressure of 
this fluid ean be measured or sampled for laboratory analysis 
to determine if an infeetion is present somewhere in the eentral 
nervous system. 
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Spínal Nerve Origin: Cross Seetion 



Seetion through thoraeie vertebra 
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Spinal Nerve Origin: Cross Seetion 


1. Fat in epidiiral spaee 

2 . Sympathetie ganglion 

3 . Ventral root 

4 . White and gray rami communicantes 

5 . Spinal nerve 

6 . Dorsal ramus 

7 . Spinal sensory (dorsal root) ganglion 

8 . Subarachnoid spaee 

9 . Dura mater 

Comment: The spinal eord eonneets to the sympathetie ehain 
ganglia by rami communicantes. White and gray rami communicantes 
are found betvveen T1 and L2 spinal eord levels, but only gray ramus 
communicans is found at the other levels. 

Ventral and dorsal roots join to form the spinal nerve in the 
intervertebral foramen. The spinal nerve immediately divides into 
a small dorsal ramus, vvhieh supplies the skin and intrinsie baek 
muscles, and a much larger ventral ramus. 

The epidural spaee (betvveen the dura mater and the bony vertebral 
eanal) is filled vvith fat and a rieh vertebral venous plexus. The 
subarachnoid spaee (betvveen the araehnoid and pia mater) eontains 
eerebrospinal fluid. 


eiinieal: Any pathologie proeess that narrovvs the size of the 
intervertebral foramen (excessive grovvth of adjaeent bone, a 
tumor, an abseess) ean impinge on the dorsal or ventral roots 
or spinal nerve and cause symptoms related to the nerve fibers 
earried in those roots or nerve. 
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Thoraeie Spinal Nerve and Connections 

to Sympathetie Trunk 



Sympathetie fibers Parasympathetie fibers -Afferent fibers 

- Preganglionie - Preganglionie to s P mal cord 

- Postganglionie Postganglionie 
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Thoraeie Spinal Nerve and Connections 
to Sympathetie Trunk 



1 . 

Dorsal root 

8. 

Ventral root 

2. 

Dorsal root ganglion 

9. 

Splanehnie nerve 

3. 

Sympathetie trunk 

10. 

Celiac ganglion 

4. 

Sympathetie ehain ganglion 

11. 

Vagus nerve (CN X) 

5. 

Spinal nerve 

12. 

Intermediolateral eell 

6. 

VVhite ramus communicans 


column 

7. 

Gray ramus communicans 



Comment: Afferent (sensory) nerve fibers 

; (shown in blaek) return to 


the spinal eord via the splanehnie nerve (pain sensation from viseera) 
and via the spinal nerve. The eell bodies of these sensory nerve fibers 
reside in the dorsal root ganglion. 

Preganglionie sympathetie efferent (motor) nerve fibers (shown in 
red) originate from neurons in the intermediolateral eell column of the 
thoraeie spinal eord, leave the eord via the ventral root, and enter the 
sympathetie ehain via a white ramus communicans. Here the nerve 
may continue via a splanehnie nerve to the eeliae ganglion to synapse, 
pass up or down the sympathetie ehain to synapse at a higher or 
lower level ehain ganglion, or synapse in the ehain ganglion at the 
spinal eord level where it exited the eord. 

VVhen the preganglionie fiber has synapsed on the postganglionie 
neuron (in a ehain ganglion orthe eeliae ganglion), postganglionie 
fibers course to innervate viseera, smooth muscle, glands, or arreetor 
pili muscles of the skin (attaehed to hair follieles). 

Parasympathetie efferent fibers in this sehematie illustration course 
to the viseera via the vagus nerve. Reflex afferents from the viseera 
return to the brainstem also via the vagus nerve. 
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Arteries of Spinal Cord: 
Intrinsie Distribution 



Seetion through 
thoraeielevel: 
anterosuperior view 




Arterial distribution: sehema 
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Arteries of Spinal Cord 
Intrinsie Distribution 


1. Posterior spinal arteries 

2. Anterior spinal artery 

3. Anterior radicular artery 

4. Dorsal braneh of posterior intereostal artery 

5 . Posterior intereostal artery 

6 . Thoraeie (deseending) aorta 

7. Anterior segmental medullary artery 

8 . Anterior spinal artery 

9 . Pial arterial plexus 

10. Right posterior spinal artery 

Comment: Arteries supplying the spinal eord are derived from 
branehes of the vertebral, aseending eervieal, posterior intereostal, 
lateral saeral, and lumbar arteries. Generally, a single longitudinal 
anterior spinal artery and 2 longitudinal posterior spinal arteries course 
the length of the spinal eord. 

Segmental radicular arteries aeeompany the dorsal and ventral roots 
of the spinal nerves. Anastomoses between the anterior and posterior 
spinal arteries and the segmental medullary branehes form a pial 
arterial plexus. 


Clinical: The anterior spinal artery and paired dorsal spinal 
arteries provide the main blood supply to the spinal eord. 
However, this supply is supplemented by radicular arteries from 
the aorta. If the blood flow through these radicular arteries is 
impaired, such as during surgery, a spinal infaret ean result. 
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Veins of Vertebral Venous Plexus 

and Spinal Cord 


2 


1 
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Veins of Vertebral Venous Plexus 
and Spinal Cord 



1. Basivertebral vein 

2. Anterior internal vertebral 
(epidural) venous plexus 

3. Intervertebral vein 

4. Posterior internal vertebral 
(epidural) venous plexus 

5. Posterior external vertebral 
venous plexus 

Comment: Usually, there are 3 anterior and 3 posterior spinal veins. 
These veins communicate freely with one another and drain into 
segmental radicular veins. 

Veins of the spinal eord and vertebrae form an internal vertebral 
plexus of veins. These veins communicate with an external vertebral 
venous plexus surrounding the bony vertebrae. This vertebral venous 
plexus ultimately drains into intervertebral veins and then into the 
vertebral veins, aseending lumbar veins, azygos venous system, and 
inferior vena eava. 

Most of the veins of the vertebral venous plexus do not possess 
valves, but reeent evidenee suggests that some do; because of the 
large region that they drain (entire spine), they provide a conduit for 
the spread of eaneer eells (metastasis) from one region (e.g., the 
pelvie region) to distant sites. 


6 . Basivertebral vein 

7. Anterior segmental 
medullary/radicular vein 

8 . Pial venous plexus 

9. Posterior spinal vein 
10. Anterior spinal vein 


eiinieal: The vertebral venous plexus (of Batson) is a network of 
veins that course along the spine and provide a route for venous 
metastases of eaneer eells from distal loeations (e.g., the pelvis) 
to seed the spine and other organs loeated more proximal (e.g., 
Iungs, brain). 
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Bony Framevtrork of Thorax 



Anterior View 
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Bony Framework of Thorax 


1. Scapula (Aeromion; Coracoid proeess; Glenoid eavity) 

2 . eiaviele 

3. True ribs (1-7) 

4. Costal eartilages 

5. False ribs (8-12) 

6 . Floating ribs (11-12) 

7. Sternum (Jugular noteh; Manubrium; Angle; Body; Xiphoid 
proeess) 

Comment: The thoraeie eage is part of the axial skeleton, which 
also includes the skull and vertebral column. Bones of the thorax 
include the sternum, the 12 pairs of ribs, and the respeetive 
articulations of the ribs. The elaviele and scapula are part of the 
peetoral girdle, which is assoeiated with the upper limb. 

The articulations of the thorax include the sternoclavicular joint 
(which is a saddle-type synovial joint with an articular dise), the 
sternoeostal joints (which are synehondroses), and the eostoehondral 
joints (which are primarily cartilaginous joints). 

The opening at the top of the thoraeie eage is the superior thoraeie 
aperture, and the opening at the bottom of the eage is the inferior 
thoraeie aperture, which is elosed by the abdominal diaphragm. 


dinieal: Thoraeie eage injuries result from trauma and often 
involve rib fractures. Ribs 1,11, and 12 are the least fractured 
ribs. Rib fractures may occur in a transverse plane or an oblique 
plane or at multiple sites on the same rib, resulting in a free- 
floating segment (stove-in, or flail ehest, injury). The pain is 
intense because of the continued expansion and eontraetion of 
the rib eage neeessary during respiration. 
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Costovertebral Joints 



Left lateral view 
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Costovertebral Joints 


1. Anterior longitudinal ligament 

2 . Inferior eostal faeet of vertebra (articulates with the head of the 
rib that is 1 number higher than the vertebra) 

3 . Interarticular ligament of head of rib 

4 . Superior eostal faeet of vertebra (articulates with the head of the 
rib that is the same number as the vertebra) 

5 . Radiate ligament of head of rib 

6 . Superior eostotransverse ligament 

7 . Intertransverse ligament 

8 . Lateral eostotransverse ligament 

9 . Transverse eostal faeet of vertebra (articulates with the tubercle 
of the rib that is the same number as the vertebra) 

Comment: The superior and inferior articular proeesses (faeets) 
articulate and form plane synovial joints (zygapophysial joints). Eaeh 
articulation is surrounded by a thin capsule. Aeeessory ligaments 
unite the laminae, transverse proeesses, and spinous proeesses. 
These articulations permit some gliding movements between 
adjaeent vertebrae during flexion, extension, and limited lateral 
bending. 

Costovertebral joints are plane synovial joints that occur between the 
head of a rib and the eostal faeets of a vertebra. Oostotransverse 
plane synovial joints (ribs 1-10) occur between a tubercle of a rib 
and a transverse proeess of a vertebra. Gliding movements occur at 
these joints. 


dinieal: Osteoarthritis is the most eommon type of arthritis and 
often involves erosion of the articular eartilage of weight-bearing 
joints, including the faeet (zygapophysial) joints. 
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Anterior Thoraeie Wall 
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Anterior Thoraeie Wall 


1. Extemal intereostal muscles 

Origin (superior attaehment): Arises from the lower border of a 
rib. 

Insertion (inferior attaehment): Attaehes to the upper border of 
the rib below its origin. 

Aetion: It is generally aeeepted that the external intereostal muscles 
are aetive during inspiration and that they elevate the ribs. 

Innervation: These muscles are innervated by intereostal nerves, 
which are numbered sequentially aeeording to the intereostal 
interspaee. The 4th intereostal nerve supplies muscles that occupy 
the 4th intereostal spaee, between the 4th and 5th ribs. 

Oomment: Because these muscles fill the intereostal spaees, there 
are 11 external intereostal muscles on eaeh side of the thorax. 

All of the intereostal muscles keep the intereostal spaees rigid, 
preventing them from bulging out during expiration and being drawn 
in during inspiration. 


eiinieal: Whereas the diaphragm is the primary muscle of 
respiration (used almost exclusively in neonates and during quiet 
respiration), the intereostals do assist the diaphragm and, along 
with other aeeessory muscles of respiration (e.g., the sealene 
muscles), ean beeome hypertrophied if a respiratory pathologie 
proeess occurs (e.g., in a ehronie obstmetive pulmonary disease 
such as emphysema). 
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Anterior Thoraeie Wall: Internal View 
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Anterior Thoraeie Wall: Internal View 


1. Intemal intereostal muscles 

Origin (siiperior attaehment): These muscles arise from a ridge 
on the inner surface of the inferior aspeet of eaeh rib and from the 
eorresponding eostal eartilage. 

Insertion (inferior attaehment): Eaeh muscle attaehes to the 
upper border of the rib below its origin. 

Aetion: The portions of the upper 4 or 5 internal intereostal muscles 
that intereonneet with the eostal eartilages elevate the ribs. The more 
lateral and posterior portions of the muscles, where the fibers run 
more obliquely, depress the ribs and are aetive during expiration. 

Innervation: intereostal nerves. 

Comment: In general, the fibers of the internal intereostals are 
roughly perpendicular to those of the external intereostal muscles. 

All of the intereostal muscles keep the intereostal spaees rigid, 
preventing them from bulging out during expiration and being drawn 
in during inspiration. 


eiinieal: The intereostal muscles assist in respiration and ean 
hypertrophy if a respiratory pathologie proeess develops (e.g., 
in a ehronie obstmetive pulmonary disease such as asthma or 
emphysema). 


Thorax 


Atlas Plate 187 







Anterior Thoraeie Wall: Internal View 
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Anterior Thoraeie Wall: Internal View 


1. Innermost intereostal muscles 

2 . Transversus thoraeis muscle 

Origin: Eaeh innermost intereostal arises from the lower border 
of a rib. The transversus thoraeis arises from the posterior surface 
of the lower portion of the body of the sternum and the xiphoid 
proeess. 

Insertion: Eaeh innermost intereostal attaehes to the upper border 
of the rib below its origin. The transversus thoraeis attaehes to the 
inner surfaces of eostal eartilages 2-6. 

Aetion: The aetion of the innermost intereostals is eontroversial, but 
these muscles are thought to elevate the ribs. The transversus 
thoraeis muscle depresses the ribs. 

Innervation: intereostal nerves. 

eomment: The innermost intereostal muscles frequently are poorly 
developed and may be fused to the overlying internal intereostals. 

The transversus thoraeis muscle is variable in its attaehments. 

All of the intereostal muscles keep the intereostal spaees rigid, 
preventing them from bulging out during expiration and being drawn 
in during inspiration. 


Clinical: Chest trauma ean lead to very painful breathing. 
injeetion of a loeal anesthetie agent into the intereostal spaee 
(intereostal nerve bloek) ean relieve this pain. 
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Posterior and Lateral Thoraeie Walls 
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Posterior and Lateral Thoraeie Walls 


1. Serratus anterior muscle 

Origin: Arises by fleshy digitations from the outer surfaces and 
superior borders of the first 8 to 9 ribs. 

Insertion: The muscle fibers pass backward, elosely apply 
themselves to the ehest wall, and insert on the ventral aspeet of the 
vertebral border of the scapula. 

Aetion: This muscle pulls the medial border of the scapula anteriorly 
toward the thoraeie wall, preventing the bone from protmding 
(winging). Its fibers also rotate the scapula upward by laterally 
rotating the inferior angle. This aetion helps abduct the arm at the 
shoulder. Abduction above 90° (above the horizontal) ean be 
aeeomplished only by lateral rotation of the inferior angle of the 
scapula. 

Innervation: Long thoraeie nerve (C5, C6, and C7). 

eomment: The serratus anterior is particularly important in 
abduction of the arm above 90°. 


eiinieal: Damage to the long thoraeie nerve may lead to 
“winging” of the scapula, most evident when a patient pushes 
forward with the upper limb against resistanee. In particular, the 
inferior angle of the scapula is elevated away from the thoraeie 
wall. This type of nerve injury may occur from trauma to the 
lateral thoraeie wall or from lateral flexion of the neek to the 
opposite side, causing a streteh injury to the nerve. 
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Miiseiilatiire of Esophagiis 
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Miiseiilatiire of Esophagiis 


1. Inferior pharyngeal eonstrietor muscle 

2 . Cricopharyngeus (muscle) part of inferior pharyngeal eonstrietor 
muscle 

3 . Circular muscle layer with sparse longitudinal fibers 

4 . Lateral mass of longitudinal muscle 

5 . Window cut in longitudinal muscle layer (revealing circular 
muscle layer) 

Comment: The esophagus is a muscular eanal that extends from 
the pharynx to the stomaeh. Its muscular eoat is organized into 2 
planes: an extemal plane of longitudinal fibers and an intemal plane 
of circular fibers. The esophageal muscle transitions from skeletal to 
smooth muscle as it deseends from the pharynx to the stomaeh. 


Clinical: The esophagus has 4 narrowed regions along its length 
where a swallowed objeet may beeome lodged or erode the 
mucosa as it passes. These eonstrieted regions are the points at 
which: 

• the pharynx beeomes continuous with the proximal 
esophagus 

• the aortie areh erosses the esophagus 

• the esophagus is eompressed by the left main bronchus 

• the esophagus passes through the diaphragm (esophageal 
hiatus) 
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Typieal Thoraeie Spinal Nerve 



Note: In lovver thoraeie 
region, lateral braneh of 
dorsal ramus is longer, 
motor, and cutaneous; 
medial braneh is shorter 

and motor only 
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Typieal Thoraeie Spinal Nerve 


1. Ventral root 

2 . Dorsal root 

3. Spinal nerve 

4 . Sympathetie ganglion 

5. Ventral ramus (Intereostal nerve) 

6. Dorsal ramus 

7 . Lateral cutaneous braneh 

8. Innermost intereostal muscle 

9 . Internal intereostal muscle 

10 . External intereostal muscle 

11. Anterior cutaneous braneh 

Comment: This thoraeie nerve is a typieal example of a spinal 
nerve. Dorsal and ventral roots eombine to form the spinal nerve, 
which divides into a small dorsal ramus that supplies the intrinsie 
muscles of the baek and a larger ventral ramus (intereostal nerve) 
that innervates all the muscles lining the trnnk. The ventral ramus 
divides into a lateral cutaneous braneh at the midaxillary line; 
anteriorly, and laterally to the stemum, it gives rise to an anterior 
cutaneous braneh. The intereostal nerves course between the 
intemal intereostal and innermost intereostal muscles. 

The first 11 thoraeie nerves give rise to ventral rami that constitute 
the intereostal nerves (T12 is the subcostal nerve, and it is inferior 
to the 12th rib). intereostal arteries and veins aeeompany the 
intereostal nerves (not shown in this illustration). 


eiinieal: Thoraeie ventral rami (intereostal nerves) run in the 
eostal groove at the inferior margin of eaeh rib; physieians must 
be aware of this positioning when entering the intereostal spaee 
(for injeetions or ehest tube plaeements). 
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Nerves of Heart 
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Nerves of Heart 


1 . 

Superior eervieal 

5 . 

Cardiac plexus 


sympathetie ganglion 

6 . 

Recurrent laryngeal nerve 

2 . 

Vagus nerve (CN X) 

7 . 

Middle eervieal sympathetie 

3 . 

Phrenie nerve 


ganglion 

4 . 

Thoraeie (sympathetie) 
eardiae branehes 

8 . 

Vagus nerve (CN X) 


Comment: The eardiae muscle of the heart is innervated by the 
autonomic nervous system. Sympathetie contributions to the eardiae 
plexus arise from eardiae nerves that originate largely from the 
eervieal portions of the sympathetie trunk (although their 
preganglionie fibers arise from neurons in the upper 4 thoraeie spinal 
eord levels) but also send direet thoraeie eardiae branehes medially 
toward the heart. 

The parasympathetie contributions eome from the vagus nerve (CN 
X). Together, the parasympathetie and sympathetie branehes form a 
rieh eardiae plexus around the great vessels arising from the heart 
and around the bifurcation of the traehea. 

Sympathetie innervation to the heart inereases the heart rate and 
eontraetile foree, whereas parasympathetie innervation deereases the 
heart rate. 


eiinieal: Pain sensation from myoeardial isehemia, ealled angina 
peetoris, is eonveyed to the upper 4 thoraeie spinal eord levels 
via the sympathetie pathways, accounting for referred pain over 
the T1-4 dermatome regions, primarily on the left side. This pain 
may be initially interpreted by the patient as somatie pain 
(musculoskeletal) rather than pain from the isehemie eardiae 
muscle of the heart. 
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Nerves of Esophagus and Posterior 

Thoraeie Wall 


Anterior 

view 
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Nerves of Esophagus and Posterior 
Thoraeie Wall 



1. 3rd intereostal nerve 

2 . 3rd thoraeie sympathetie ganglion 

3. Sympathetie trunk 

4 . Greater splanehnie nerve 

5. Celiac plexus and ganglia 

6. Anterior vagal trunk 

7 . Left greater splanehnie nerve 

8. Cardiac plexus 

9 . Left recurrent laryngeal nerve 

10. Cervical sympathetie trunk 

11. Vagus nerve (CN X) 

eomment: Nerves of the esophagus and posterior thoraeie wall 
include somatie nerves (thoraeie intereostal nerves) and autonomic 
nerves. The thoraeie spinal eord segments give rise to intereostal 
nerves, which are eonneeted by rami communicantes to the 
sympathetie trunk. In the thorax, the latter gives rise to the greater, 
lesser, and least splanehnie nerves, which course through the 
diaphragm to the abdomen. 

The parasympathetie contributions to this region are via the vagus 
nerve. As they pass through the diaphragm, the left and right vagus 
nerves form a plexus on the esophagus. Sympathetie and 
parasympathetie fibers contribute to a rieh eardiae plexus of nerves. 


Clinical: A mass in the posterior mediastinum may present as 
pain, neurologic symptoms, or difficulty swallowing. The most 
eommon masses include tumors of the peripheral nerves or their 
sheath eells (e.g., schwannomas), or tumors or diverticula of the 
esophagus. 
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ntereostal Arteries 
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ntereostal Arteries 


1. Dorsal braneh of posterior intereostal artery 

2 . Posterior intereostal artery 

3. Lateral cutaneous braneh of posterior intereostal artery 

4 . Anterior intereostal arteries 

5 . Superior epigastrie artery 

6 . Internal thoraeie artery 

7 . Thoraeie aorta 

8 . Right posterior intereostal arteries (cut) 

9 . Sympathetie trunk 

eomment: Posterior intereostal arteries arise from the thoraeie aorta 
bilaterally and course along the inferior margin of eaeh rib between 
the innermost intereostal muscles and internal intereostal muscles. 

At the midaxillary line, these intereostal vessels give rise to a lateral 
cutaneous artery. Anteriorly, the intereostal vessels anastomose with 
the anterior intereostal arteries arising from the internal thoraeie 
(mammary) artery. 

intereostal veins and nerves also course with the intereostal arteries 
(in this illustration, the arteries are shown on just one side and nerves 
on the other side; intereostal veins are not shown). 


eiinieal: Because of the loeation of the major intereostal 
neurovascular bundle (nerve, artery, and vein) just inferior to 
eaeh rib (eostal groove), any injeetions or tubes plaeed into the 
intereostal spaee should be positioned eloser to the superior 
edge of the rib margin to avoid piereing the neurovascular 
bundle. 
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Heart: Anterior Exposure 
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Heart: Anterior Exposure 


1. Right intemal jugular vein 

2 . Right braehioeephalie vein 

3. Subclavian artery and vein 

4 . Superior vena eava 

5. Left pulmonary artery 

6. Pulmonary trunk 

7 . Left internal jugular vein 

8 . Left eommon earotid artery 

9 . Areh of aorta 

10. Left braehioeephalie vein 

11 . Braehioeephalie trunk 

Comment: The union of the internal jugular veins, which drain the 
head and neek region, and the subclavian veins, which drain the 
upper limbs, forms a right and left braehioeephalie vein. The 2 
braehioeephalie veins join to form the superior vena eava. 

The pulmonary trunk reeeives blood from the right ventriele and 
divides into right and left pulmonary arteries. The aorta reeeives 
blood from the left ventriele and arehes over the pulmonary trunk, 
continuing inferiorly as the thoraeie aorta. 

The pericardium has been ineised anteriorly to show the heart resting 
on the diaphragm. Likewise, the pleurae have been ineised so that 
the lungs ean be viewed. 


Clinical: Cardiac tamponade ean result from fluid accumulation 
or bleeding into the perieardial eavity. The accumulated fluid ean 
eompromise the heart’s ability to eontraet and relax effeetively, 
thus deereasing venous return and eardiae output. 
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Coronary Arteries and Cardiac Veins 



Sternoeostal surface 




Diaphragmatie surface 
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Coronary Arteries and Cardiac Veins 


1. Right eoronary artery 

2 . Small eardiae vein 

3. Circumflex braneh of left eoronary artery 

4 . Ooronary sinus 

5 . Middle eardiae (posterior interventricular) vein 

6 . Posterior interventricular braneh (posterior deseending braneh) 
of right eoronary artery 

7 . Anterior interventricular braneh (left anterior deseending braneh) 
of left eoronary artery 

8 . Great eardiae (anterior interventricular) vein 

9 . Circumflex braneh of left eoronary artery 

10. Left eoronary artery 

Comment: The right eoronary artery arises from the aseending 
aorta and generally supplies the right atrium, most of the right 
ventriele, the diaphragmatie surface of the left ventriele, part of the 
atrioventricular septum, the sinu-atrial node (60% of the time), and 
the atrioventricular node (80% of the time). 

The left eoronary artery also arises from the aseending aorta, and 
its branehes usually supply the left atrium, most of the left ventriele, 
some of the right ventriele, most of the interventricular septum, the 
sinu-atrial node (40% of the time), and the atrioventricular node (20% 
of the time). 

The eoronary sinus is the largest vein draining the heart. It reeeives 
blood from the great, middle, and small eardiae veins and drains into 
the right atrium. 


eiinieal: In eases of eoronary artery occlusion leading to eardiae 
isehemia and a myoeardial infaret, 40% to 50% occur in the 
proximal portion of the left anterior deseending braneh of the left 
eoronary artery. 
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Arteries of Thoraeie Aorta 
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Arteries of Thoraeie Aorta 


1. Siibelavian artery 

2 . Intereostal artery 

3. Inferior phrenie arteries 

4 . Celiac trunk 

5. Esophageal braneh of left gastrie artery 

6. Esophageal branehes of thoraeie aorta 

7 . Thoraeie (deseending) aorta 

8. Right bronehial artery 

9 . Areh of aorta 

10 . Braehioeephalie trunk 

11. Subclavian artery 

12 . Thyroeervieal trunk 

Comment: The thoraeie aorta is the direet continuation of the areh 
of the aorta. The thoraeie aorta gives rise to bronehial, esophageal, 
perieardial, mediastinal, posterior intereostal, subcostal, and superior 
phrenie arteries. 

The esophagus and deseending thoraeie aorta are in the posterior 
mediastinum, deep to the heart, which lies in the middle 
mediastinum. 


eiinieal: The small bronehial arteries (usually 1 right and 2 left 
arteries) are the nutritive arteries, delivering essential nutrients 
and oxygen to the pulmonary viseeral pleura, bronehi and 
bronehial glands, and walls of the larger intrapulmonary arteries. 
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Azygos Venous System 


1. Right braehioeephalie vein 

2. Superior vena eava 

3. Azygos vein 

4. Inferior vena eava (cut) 

5. Left gastrie vein 

6. Esophageal branehes of left gastrie vein 

7. Superior mesenterie vein 

8. Splenie vein 

9. Hemi-azygos vein 

10. Aeeessory hemi-azygos vein 

11. intereostal vein 

12. Left braehioeephalie vein 

Comment: The azygos venous system lies on either side of the 
vertebral column and drains deep structures of the baek, thoraeie 
wall, and abdominal walls. Although variable in anatomy, the azygos 
vein arises from the inferior vena eava or right aseending lumbar 
vein, and the hemi-azygos vein (the prineipal tributary of the 
azygos vein) arises from the left aseending lumbar vein or renal vein. 
Llltimately, most of the blood from the azygos system drains into the 
superior vena eava. 


eiinieal: The azygos venous system forms an important venous 
conduit between the inferior vena eava and the superior vena 
eava. The azygos veins do not eontain valves, so blood flow may 
occur in different direetions depending on where the pressure 
is highest. Via its eonneetions with the left gastrie vein in the 
abdomen, the azygos system is an important eomponent of 
the portosystemie anastomosis in eonditions such as portal 
hypertension. 
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Mammary Gland 


Anterolateral 

disseetion 
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Mammary Gland 


1. Peetoralis major muscle 

2 . Gland lobules 

3. Lactiferous sinus 

4. Lactiferous ducts 

5. Nipple 

6 . Areola 

7. Areolar glands 

8 . Suspensory ligaments (Oooper’s ligaments) 

Comment: The mammary gland is a modified sweat gland loeated 
in the superficial faseia. Its lobes of glandular tissue are separated by 
fibrous septa. Eaeh lobe opens to a lactiferous duct that dilates just 
beneath the nipple to form a lactiferous sinus, or reservoir, for milk 
during laetation. 

The suspensory ligaments (Cooper’s ligaments) are strong fibrous 
eonneetive tissue strands that pass from the dermis of the skin to 
the superficial faseia through the substance of the breast. 

About 75% of the lymphatie drainage of the breast passes to the 
axillary lymph nodes. Lymph also may drain to infraclavicular nodes, 
medially to parasternal nodes, or inferiorly to abdominal lymphaties. 


eiinieal: The breast is divided into quadrants: upper inner, 
upper outer, lower inner, and lower outer. Approximately 50% of 
all breast eaneers develop in the upper outer quadrant. Breast 
eaneer is the most eommon malignant tumor in women. Its 
ineidenee exceeds the eombined ineidenees of the next 2 most 
eommon eaneers, which are of the lung and eoloreetal area. 
Most of these neoplasms are ductal eareinomas. 
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Liings in Sitii: Anterior View 
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Liings in Sitii: Anterior View 


1. Costal part of parietal pleura (cut away) 

2. Superior, middle, and inferior lobes of right lung 

3. Oblique fissure 

4. Diaphragmatie part of parietal pleura 

5. Lingula of superior lobe of left lung 

6 . Oblique fissure 

7. Superior and inferior lobes of left lung 

8 . Oardiae noteh of left lung 

Comment: The lungs lie within pleural eavities eontaining the 
parietal and viseeral pleura. The parietal pleura lines the inner 
surface of the thoraeie wall, superior aspeet of the diaphragm, and 
mediastinum; the viseeral pleura is intimately assoeiated with the 
lung surface. The viseeral pleura refleets off the lung to beeome 
parietal pleura at the hilum, where structures enter and leave lung 
tissue. 

Oblique and horizontal fissures divide the right lung into superior, 
middle, and inferior lobes. An oblique fissure divides the left lung into 
a superior lobe and an inferior lobe. The left lung also eontains the 
lingula, a tongue-shaped portion of the superior lobe. The lingula 
roughly eorresponds to the right lung’s middle lobe. 

Eaeh lung eontains 10 bronchopulmonary segments, eaeh supplied 
by a segmental bronchus and an artery. 


eiinieal: The potential spaee between the parietal pleura and 
viseeral pleura eontains only a small amount of serous fluid that 
lubricates the surfaces and reduces frietion during respiration. 

If fluids or air gain aeeess to this potential spaee, it beeomes a 
real spaee, and the pressure ean partially eompress the lung or 
eollapse it eompletely. 
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Liings: Medial Views 


Right lung 


Superior lobe 


Middle lobe 


Inferior lobe 



Inferior lobe 


Superior lobe 
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Liings: Medial Views 


1. Hilum 

2 . Oblique fissure 

3. Left pulmonary artery 

4. Left main bronchus 

5. Pulmonary ligament 

6 . Apex 

7. Right inferior pulmonary vein 

8 . Bronchopulmonary (hilar) lymph nodes 

9. Right superior lobar (eparterial) bronchus 

Comment: The hilum of eaeh lung is the point where the pulmonary 
vessels, bronehi, lymphaties, and nerves enter or leave the lung. At 
the hilum and along the pulmonary ligament, the viseeral pleura 
refleets from the lung surface to beeome the parietal pleura lining the 
mediastinum and inner aspeet of the thoraeie wall. 

Viewed from the hilum of eaeh lung, the bronehi generally lie 
posteriorly, the pulmonary arteries superiorly, and the pulmonary 
veins anteriorly and inferiorly. 

The right lung has superior, middle, and inferior lobes, demareated 
by the horizontal and oblique fissures. The left lung has a superior 
lobe and an inferior lobe. 

Eaeh lung eontains 10 bronchopulmonary segments, eaeh supplied 
by a segmental bronchus and an artery. 


Clinical: Lung eaneer is the leading cause of eaneer-related 
deaths and is assoeiated eonsistently with a 20- to 30-year 
history of smoking. Lung eaneers are highly invasive and rapidly 
metastasizing tumors. Adenoeareinoma and squamous eell 
eareinoma are the most eommon types of lung eaneer. 
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Heart in Sitii 
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Heart in Situ 


1. Thymus gland 

2. Braehioeephalie trunk 

3. Superior vena eava 

4. Pericardium 

5. Phrenie nerve and perieardiaeophrenie artery and vein 

6 . Recurrent laryngeal nerve 

7. Areh of aorta 

8 . Left braehioeephalie vein 

Comment: The heart lies within the middle mediastinum, eneased 
within a fibroserous sae ealled the pericardium. The outer layer of the 
pericardium is the fibrous pericardium, a strong, fibrous layer that 
blends with the roots of the great vessels. Serous pericardium 
eonsists of an underlying parietal layer lining the inner aspeet of the 
fibrous pericardium and a viseeral layer that refleets onto the heart 
as the epicardium. 

The thymus, often atrophied and imbued with fat in the adult, 
overlies the great vessels and superior portion of the pericardium. It 
is usually direetly posterior to the manubrium of the sternum. 

This figure also shows the mediastinal, diaphragmatie, and eostal 
portions of the parietal pleura. 


eiinieal: The perieardial eavity is a potential spaee between the 
2 serous layers and eontains a thin film of serous lubricating fluid 
to reduce frietion of the beating heart. Trauma to the heart or 
rupture of a vessel ean lead to bleeding in the perieardial eavity, 
which eompresses the heart and eompromises its function. This 
eondition is ealled eardiae tamponade. 

Periearditis is an infeetion of the pericardium usually caused by a 
virus, although baeteria and fungi are also causative agents. 
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Perieardial Sae 



Perieardial sae with 

heart removed: anterior view 
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Perieardial Sae 


1. Superior vena eava 

2. Transverse perieardial sinus 

3. Right pulmonary veins 

4. Inferior vena eava 

5. Oblique perieardial sinus 

6 . Left pulmonary veins 

7. Pulmonary trunk (bifurcation) 

8 . Aseending aorta 

Comment: The perieardial eavity is a potential spaee between the 
viseeral serous pericardium (epicardium) and the parietal serous 
pericardium, which lines the inner surface of the fibrous pericardium. 
The viseeral serous pericardium refleets off the heart around these 
large vessels and beeomes the parietal serous perieardial layer. The 
heart (removed in this illustration) lies within the perieardial sae. 

The oblique sinus, a cul-de-sac behind the left atrium of the heart, is 
another refleetion of serous pericardium surrounding the pulmonary 
veins. 


eiinieal: The transverse sinus is a spaee between the refleetions 
of the serous pericardium, which is posterior to the aseending 
aorta and pulmonary trunk, and anterior to the superior vena 
eava. This is a elinieally important area because elamping these 
vessels ean eompletely stop ventricular outflow. 
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Opened right atriiim: right lateral view 


Right Atrium 


1 
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Right Atriiim 


1. Superior vena eava 

2. Interatrial septum 

3. Fossa ovalis 

4. Inferior vena eava 

5. Opening of eoronary sinus 

6 . Peetinate muscles 

7. Septal cusp of tricuspid valve 

8 . Orista terminalis 

9. Right auricle 

Comment: The smooth portion of the right atrium is known as the 
sinus venamm because it develops from the embryonie sinus 
venosus and reeeives blood from the superior and inferior venae 
eavae and eoronary sinus. It is separated from the more muscular 
portion of the atrium proper by a line, the erista terminalis. 

The fossa ovalis is the adult representation of the embryonie foramen 
ovale. 

Although the right atrium is slightly larger than the left atrium, it has 
thinner walls because the pressure on the right side of the heart is 
normally lower than that on the left side. 

The auricle is a pouch-like appendage of the atrium but is 
functionally identieal to the rest of the atrium. 


eiinieal: Atrial septal defeets make up 10% to 15% of 
eongenital eardiae anomalies. In such eases, blood flows from 
the higher-pressure left atrium into the lower-pressure right 
atrium. 
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Right Ventriele 



Opened right ventriele: anterior view 
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Right Ventriele 


1. Tricuspid valve (Anterior, Septal, and Posterior cusps) 

2 . Ohordae tendineae 

3. Anterior papillary muscle 

4. Trabeculae earneae 

5. Septomarginal trabecula (Septal limb and Moderator band) 

6 . Interventricular septum (muscular part) 

7. Conus arteriosus 

8 . Pulmonary valve (Anterior, Right, and Left semilunar cusps) 

Comment: Ohordae tendineae eonneet papillary muscles to the 
cusps of the tricuspid, or right atrioventricular, valve. During 
eontraetion of the right ventriele, the ehordae tendineae prevent the 
valve cusps from everting into the right atrium. 

The septomarginal trabecula (moderator band) of the trabeculae 
earneae eonneets the interventricular septum to the base of the 
anterior papillary muscle. Contraction of this band of muscle 
prevents overdistention of the ventriele. 

The interventricular septum is largely muscular, but its superior 
aspeet eontains a small membranous portion that is a eommon site 
for ventricular septal defeets. 


Clinical: Ventricular septal defeet is the most eommon 
eongenital heart defeet. The most eommon site of occurrence is 
in the perimembranous region of the septum, just beneath the 
tricuspid and mitral valves. This defeet results in a left-to-right 
shunt of blood and may preeipitate eongestive heart failure. 
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Left Atriiim and Ventriele: Flap Opened 
in Posterolateral Wall of Left Ventriele 
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Left Atriiim and Ventriele: Flap Opened 
in Posterolateral Wall of Left Ventriele 



1. Left auricle 

2. Mitral valve (Posterior and Anterior cusps) 

3. Anterior papillary muscle 

4. Ohordae tendineae 

5. Left atrium 

6 . Left pulmonary veins 

7. Ligamentum arteriosum 

8 . Areh of aorta 

Comment: The left ventriele is signifieantly thieker than the right 
ventriele. It eontains 2 papillary muscles whose ehordae tendineae 
attaeh to the cusps of the mitral (left atrioventricular, or bicuspid) 
valve. The mitral valve looks like a bishop’s miter. 

Heart sounds (lub-dub) occur from the elosing of the valves. The 
Ist heart sound results from the elosing of the mitral and tricuspid 
valves, whereas the 2nd heart sound results from the elosing of the 
aortie and pulmonic valves. 


Clinical: Because of the pressures it must withstand, the mitral 
valve is most often involved in valvular heart disease. Mitral 
stenosis (narrowing) ean impede the flow of blood from the left 
atrium to the left ventriele, causing left atrial dilation. Mitral 
regurgitation (insufficiency) is often caused by abnormalities of 
the valve leaflets, rupture or fibrosis of a papillary muscle, or 
rupture of the ehordae tendineae. 
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Left Atriiim and Ventriele: Seetion with 

Mitral Valve Cut Away 
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Left Atriiim and Ventriele: Seetion with 
Mitral Valve Cut Away 



1. Left auricle 

2. Aortie valve (Left, Right, and Posterior semilunar cusps) 

3. Muscular part of interventricular septum 

4. Left atrium 

5. Valve of foramen ovale 

6 . Left pulmonary artery 

Comment: Usually, the left atrium is smaller than the right atrium, 
but it has thieker walls. Oxygenated blood from the lungs passes into 
the left atrium through 4 pulmonary veins. 

Most of the interventricular septum is muscular, but the uppermost 
portion is membranous and is a eommon site for ventricular septal 
defeets. 

The upper portion of the left ventriele, known as the aortie vestibule, 
is the outflow traet to the aseending aorta. The aortie valve has 3 
semilunar cusps. 


eiinieal: Valvular heart disease ean arise from a variety of 
eonditions (stenosis, rupture of papillary muscles or ehordae 
tendineae, malformed valve leaflets) and most often involves 
either the mitral or the aortie valves. 

The major blood supply to the interventricular septum is via 
the left anterior deseending braneh of the left eoronary artery. 
isehemia of the interventricular septum may eompromise the 
Purkinje conduction system innervating the septum and 
ventricular walls. 
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Valves and Fibrous Skeleton of Heart 


Heart in diastole: 

viewed from base with atria removed 
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Valves and Fibrous Skeleton of Heart 


1. Pulmonary valve (Anterior, Right, and Left semilunar cusps) 

2. Aortie valve (Right, Left, and Posterior semilunar cusps) 

3. Mitral valve (Anterior and Posterior cusps) 

4. Left fibrous ring (of mitral valve) 

5. Right fibrous trigone 

6 . Left fibrous trigone 

7. Tricuspid valve (Anterior, Septal, and Posterior cusps) 

8 . Membranous septum (lnterventricular and Atrioventricular parts) 

Comment: The Ist heart sound (“lub”) is caused by closure of the 
tricuspid and mitral valves at the onset of ventricular systole. The 
2nd heart sound (“dub”) is caused by closure of the aortie and 
pulmonary valves at the onset of ventricular diastole. 

The pulmonary valve is a semilunar valve with 3 cusps. Through the 
stethoseope, this valve is best heard over the left 2nd intereostal 
spaee, just lateral to the sternum. The aortie valve also is a semilunar 
valve with 3 cusps. Closure of this valve is best heard over the right 
2nd intereostal spaee just lateral to the sternum. 

The mitral (bicuspid, or left atrioventricular) valve has 2 cusps. Its 
closure at the onset of ventricular systole is best heard in the left 5th 
intereostal spaee, at the midclavicular line. The tricuspid (right 
atrioventricular) valve has 3 cusps. Its sound is best heard over the 
lower portion of the body of the sternum. 

The wall of the heart is eomposed prineipally of eardiae muscle and 
a fibrous skeleton that provides attaehment points for some of the 
eardiae muscle fibers and eaeh heart valve. 


eiinieal: The heart valves are avascular, and for some mitral 
valve replaeement surgeries, a poreine (pig) valve may be used 
because it is roughly the same size as a human valve. 
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Mediastimim: Cross Seetion at Level 

of T8 Vertebra 
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Mediastimim: Cross Seetion at Level 
of T8 Vertebra 



1. Thoraeie duct 

2. Azygos vein 

3. Esophagus and esophageal plexus 

4. Branehes of right main bronchus 

5. Right atrium 

6 . Right ventriele 

7. Left ventriele 

8 . Left atrium 

9. Left inferior pulmonary vein 

10. Thoraeie (deseending) aorta 

Comment: The mediastinum is the region between the 2 pleural 
eavities. A horizontal line between the sternal angle divides it into 
a superior and an inferior mediastinum. The inferior mediastinum is 
further divided into anterior, middle, and posterior eompartments. 
The anterior mediastinum lies just behind the body of the sternum 
and eontains remnants of the thymus gland, lymph nodes, fat, and 
some eonneetive tissue. The middle mediastinum eontains the 
pericardium, heart, nerves, and roots of the great vessels. The 
posterior mediastinum is posterior to the pericardium and heart. 

It eontains the esophagus, thoraeie aorta, azygos system of veins, 
thoraeie duct, and nerves. 


eiinieal: Note the elose relationship of the esophagus to the 
left atrium. VVith left atrial enlargement, this heart ehamber ean 
expand posteriorly and partially eonstriet the esophagus. 
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Bony Framework of Abdomen 


1. Costal eartilages 

2 . lliae erest 

3. Anterior superior iliae spine 

4 . Anterior inferior iliae spine 

5. Superior pubic ramus 

6. Pubic areh 

7 . Peeten pubis 

8. Greater troehanter of femur 

9 . isehial spine 

10. lliae erest 

11 . Xiphoid proeess 

12. Body of sternum 


eiinieal: Imaginary lines mentally drawn on the surface of the 
abdominal wall assist elinieians in loealizing pain and assoeiated 
anatomie structures. The subcostal line is an imaginary horizontal 
line aeross the lower margin of the eostal eartilages; it erosses 
the deseending duodenum. The transumbilical plane is a 
horizontal line passing through the umbilicus and the L3-4 
intervertebral dise. The transtubercular plane passes through the 
iliae tubercles of the iliae erest and eorresponds to the body of 
the 5th lumbar vertebra. 

Another elinieally useful way to loeate painful viseera is to divide 
the abdomen into quadrants. This is done by visualizing an 
imaginary vertieal (median) plane from the xiphoid proeess to the 
pubic symphysis and a horizontal (transumbilical) plane. The 4 
quadrants are the right upper quadrant, left upper quadrant, right 
lower quadrant, and left lower quadrant. 
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Anterior Abdominal Wall: 
Superficial Disseetion 
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Anterior Abdominal Wall: 
Superficial Disseetion 



1. Extemal oblique muscle: muscular part (A) and aponeurotic 
part (8) 

Origin: Arises by fleshy digitations from the external surfaces and 
inferior borders of the lower 8 ribs. 

Insertion: The muscle attaehes to the anterior half of the iliae erest, 
to the anterior superior iliae spine, and into a broad aponeurosis 
along a line from the 9th eostal eartilage to the anterior superior iliae 
spine. The aponeurosis inserts into the midline linea alba. 

Aetion: Oompresses the abdominal eontents. Contracting bilaterally, 
the muscles flex the vertebral column or trunk. Aeting alone, the 
muscle bends the vertebral column laterally and rotates it so as to 
bring the shoulder of the same side forward. 

Innervation: Supplied by intereostal nerves T7-11 and the subcostal 
nerve (T12). 

eomment: This is the largest and most superficial of the 3 flat 
abdominal muscles. 


Clinical: On the left side (patient’s left), one ean see the fatty 
Camper’s faseia and the underlying membranous (Searpa’s) 
faseia of the abdominal wall. These faseial planes are important 
in the spread of infeetion. Fluid from the perineal region (e.g., 
resulting from a ruptured urethra) ean spread into the abdominal 
wall between Searpa’s faseia and the underlying investing (deep) 
faseia of the external abdominal oblique muscle and aponeurosis. 
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Anterior Abdominal Wall 
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Anterior Abdominal Wall 


1. Intemal oblique muscle 

Origin: Arises from the lateral half of the inguinal ligament, the iliae 
erest, and the thoracolumbar faseia. 

Insertion: Attaehes to the inferior borders of the eartilages of the 
last 3 or 4 ribs, the linea alba, the pubic erest, and the peetineal line. 

Aetion: Oompresses the abdominal eontents. Contraction of both 
internal oblique muscles flexes the vertebral column. Contraction on 
one side only bends the vertebral column laterally and rotates it, 
moving the shoulder of the opposite side anteriorly. 

Innervation: By the intereostal nerves T7-11, subcostal nerve (T12), 
and iliohypogastrie and ilio-inguinal nerves (L1). 

eomment: In the inguinal region, the aponeuroses of the internal 
oblique and transverse abdominal muscles fuse to form the eonjoint 
tendon. 


dinieal: A weakness in the anterior abdominal wall ean lead to 
hernias, where underlying viseera and fat may protmde anteriorly 
and cause a bulge or rupture of the anterior muscle layers. The 
most eommon types of abdominal wall hernias are inguinal 
hernias, umbilical hernias, linea alba hernias (usually occurring in 
the epigastrie region), and ineisional hernias (occurring at the site 
of a previous surgical sear). 
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Anterior Abdominal Wall 


1. Rectus abdominis muscle 

Origin: Arises inferiorly by 2 tendons. The lateral tendon is attaehed 
to the pubic erest, and the medial tendon interlaees with the tendon 
of the opposite side to arise from the pubic symphysis. 

Insertion: Attaehes into the eartilages of the 5th, 6th, and 7th ribs 
and the xiphoid proeess. 

Aetion: Flexes the vertebral column or trunk, tenses the anterior 
abdominal wall, and depresses the ribs. 

Innervation: intereostal nerves (T7-11) and the subcostal nerve 
(T12). 

Oomment: The rectus abdominis muscle is eontained in the rectus 
sheath and is separated from the rectus abdominis on the other side 
by the linea alba. 

The muscle is erossed by fibrous bands, which are the 3 tendinous 
interseetions; this gives the appearanee of “6-paek abs.” 


Clinical: If abdominal pain is present, espeeially if the affeeted 
viseeral structure (e.g., bowel, appendix) eomes in eontaet with 
the inner aspeet of the peritoneal wall, the patient may present 
with a guarding reflex. The patient will eontraet the abdominal 
wall muscles when palpated (rebound tenderness) because of the 
abdominal pain, and the abdomen will beeome rigid. 
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Anterior Abdominal Wall 


1. Oremaster muscle 

Origin: This thin muscle arises from the middle of the inguinal 
ligament and is a continuation of the internal abdominal oblique 
muscle. 

Insertion: Attaehes by a small tendon to the pubic tubercle and 
erest. 

Aetion: Draws the testes upward. 

Innervation: Genital braneh of the genitofemoral nerve (L1 and L2). 

eomment: After passing through the inguinal ring, the muscle fibers 
of the eremaster form a series of loops that are embedded in the 
eremasterie faseia (surrounding the spermatie eord in a male). 

The spermatie eord is eovered by 3 faseial layers derived from the 
abdominal wall. The external spermatie faseia is derived from the 
external abdominal oblique aponeurosis; the middle spermatie 
(eremasterie) faseia, from the internal abdominal oblique muscle; 
and the internal spermatie faseia, from the transversalis faseia. 


eiinieal: The testes normally deseend into the scrotum shortly 
before birth. This is neeessary for viable germ eell division and 
future sperm production. The human testes will not produce 
sperm if the testis is not eooled to several degrees below that 
of the body’s normal temperature (37°C [98.6°F]). 
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Anterior Abdominal Wall: 

Deep Disseetion 
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Anterior Abdominal Wall: 
Deep Disseetion 



1. Superior epigastrie vessels 

2 . Rectus abdominis muscle 

3 . Transversus abdominis muscle 

4 . Posterior layer of rectus sheath 

5. Inferior epigastrie vessels 

6. Inguinal ligament (Poupart’s ligament) 

7 . Inguinal falx (eonjoint tendon) 

8. Cremasteric muscle (middle spermatie faseia) 

9 . Lacunar ligament (Gimbernat’s ligament) 

10. Medial umbilical ligament (occluded part of umbilical artery) 

11 . Arcuate line 

12 . Transversalis faseia 

13 . Anterior layer of rectus sheath 

14 . Linea alba 

eomment: Above the arcuate line, the anterior layer of the rectus 
sheath eomprises the fused aponeuroses of the external and internal 
abdominal oblique muscles, whereas the posterior layer eomprises 
the fused aponeuroses of the internal abdominal oblique and 
transversus abdominis muscles. Below the arcuate line, the 
aponeuroses of all 3 muscles fuse to form the anterior layer of the 
sheath; and the rectus abdominis muscle rests only on the thin 
transversalis faseia. 


Clinical: The inferior epigastrie vessels form the lateral umbilical 
fold and anastomose with the superior epigastrie vessels, which 
are continuous with the internal thoraeie (mammary) vessels. This 
arterial vascular anastomosis is important in providing blood to 
the abdominal wall, because these arteries have eonneetions all 
along their route with intereostal arteries (in the thorax) and 
segmental lumbar branehes in the abdomen. 
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Posterior Abdominal Wall: 

Internal View 
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Posterior Abdominal Wall: 
Internal View 



1. Quadratus lumborum muscle 

Origin: Arises from the transverse proeesses of L3-5, the iliolumbar 
ligament, and the iliae erest. 

Insertion: Attaehes to the lower border of the last rib and the 
transverse proeesses of L1 -3 vertebrae. 

Aetion: With the pelvis fixed, this muscle laterally flexes the lumbar 
vertebral column (trunk). It also fixes the 12th rib during inspiration. 
When both quadratus lumborum muscles aet together, they ean help 
extend the lumbar vertebral column. 

Innervation: Subcostal nerve (T12 and L1-4 nerves). 

Oomment: Superiorly, the diaphragm forms the lateral arcuate 
ligament (lumbocostal areh) where it passes over the quadratus 
lumborum. 


Clinical: The lumbocostal triangle (loeated just lateral and 
superior to the lateral arcuate ligament) is a nonmuscular area 
between the eostal and lumbar portions of the diaphragm. During 
trauma or with inereased abdominal pressure, this portion of the 
diaphragm ean beeome weakened and viseera ean herniate into 
the thorax superiorly. 
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Posterior Abdominal Wall: 

Internal View 
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Posterior Abdominal Wall: 
Internal View 



1. Diaphragm 

Origin: This dome-shaped musculofibrous septum arises from the 
circumference of the thoraeie outlet, with fibers arising from a sternal 
portion (xiphoid proeess), a eostal portion (lower 6 eostal eartilages), 
and a lumbar portion (L1-3 vertebrae). 

Insertion: The muscles eonverge and insert into the eentral tendon. 

Aetion: Attaehed to the ribs and lumbar vertebrae, the muscular 
diaphragm draws the eentral tendon downward and forward during 
inspiration. This inereases the volume of the thoraeie eavity and 
deereases the volume of the abdominal eavity. 

Innervation: Phrenie nerve (C3, C4, and C5). 

eomment: The diaphragm has 3 large openings: the eaval hiatus for 
the inferior vena eava (at the level of the T8 vertebra), the esophageal 
hiatus (at the level of the T10 vertebra), and the aortie hiatus (in front 
of the T12 vertebra). 

Where the diaphragm passes over the aorta, it forms an areh ealled 
the median arcuate ligament. As the diaphragm passes over the 
psoas major muscle, it forms the medial arcuate ligament; and where 
it passes over the quadratus lumborum, it forms the lateral arcuate 
ligament. 


Clinical: If an inflamed viseeral structure (e.g., gallbladder) 
eontaets the underside of the diaphragm, the parietal peritoneum 
may beeome inflamed and the pain will be passed along the 
sensory axons of the phrenie nerve (C3-5) on the right side to the 
eorresponding dermatomes in the lower neek and shoulder 
region. This is an example of referred pain from the abdomen to 
a somatie region of the body. 
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Aiitonomie Nerves and 
Ganglia of Abdomen 



Abdomen 


4-9 



























Aiitonomie Nerves and 
Ganglia of Abdomen 


o 


splanehnie nerves 

2 . Right sympathetie trunk 

3 . 2nd and 3rd lumbar 


1. Right greater and lesser 


6 . Superior hypogastrie 
plexus 


7 . Inferior mesenterie 
ganglion 


splanehnie nerves 

4 . Pelvie splanehnie nerves 

5 . Right and left hypogastrie 


8 . Superior mesenterie 
ganglion and plexus 


9 . Celiac ganglia 


nerves to inferior 
hypogastrie (pelvie) plexus 


10. Vagal trnnks: Anterior and 


Posterior 


Comment: Sympathetie and parasympathetie nerves innervate the 
viseera of the abdominal eavity. Sympathetie nerves coursing in 
the thoraeie splanehnie nerves (from T5-12 spinal eord levels) and 
lumbar splanehnies (upper lumbar levels) synapse largely in 3 major 
eolleetions of ganglia: eeliae, superior mesenterie, and inferior 
mesenterie ganglia. A nerve plexus continuing from this most 
inferior ganglion gives rise to the superior hypogastrie plexus, which 
provides sympathetie innervation to pelvie viseera. 

Parasympathetie innervation to the upper two thirds of the abdominal 
viseera (derived from the foregut and midgut portions of the 
embryonie gut) eomes from the vagus nerve. The remaining portions 
of the abdominal and pelvie viseera (embryonie hindgut) reeeive 
parasympatheties from S2, S3, and S4 via pelvie splanehnie nerves. 

Most of these autonomic fibers reaeh the viseera by traveling on the 
blood vessels originating from the eeliae trunk and the superior and 
inferior mesenterie arteries. 


eiinieal: Autonomic fibers to the bowel synapse on ganglion 
eells of the enterie nervous system, an intrinsie plexus of ganglia 
(myenterie and submucosal) for fine eontrol of bowel function. 
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Aiitonomie Reflex Pathways: 

Sehema 



Sympathetie 

fibers 


Preganglionie - 

Postganglionie - 


Parasympathetie 

fibers 


Preganglionie - 

Postganglionie - 


Afferent fibers 
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Aiitonomie Reflex Pathways: 
Sehema 



1. Dorsal root (spinal) ganglion 

2 . VVhite ramus communicans 

3 . Gray ramus communicans 

4 . Ganglion of sympathetie trunk 

5 . Superior mesenterie ganglion 

6 . Celiac ganglion 

7 . Vagus nerve (CN X) 

8 . Ventral (anterior) root 

9 . Intermediolateral eell column 

Comment: This sehema shows the general pattern for sympathetie 
and parasympathetie innervation of abdominal viseera. 

Preganglionie sympathetie fibers ean synapse in ganglia of the 
sympathetie trunk, course via splanehnie nerves to synapse in 
eollateral ganglia such as the eeliae or superior mesenterie ganglion 
(this example), or pass direetly to the adrenal medulla (not shown). 

Parasympathetie fibers to the upper two thirds of the abdominal 
viseera are eonveyed by the vagus nerve, which sends preganglionie 
fibers direetly to the walls of the organs innervated. These fibers 
end in terminal ganglia in the viseeral wall, which give rise to short 
postganglionie fibers. 


Clinical: Pain sensation from the bowel (largely from distention 
or inflammation) is eonveyed by afferent fibers whose nerve eell 
bodies reside in the dorsal root ganglia of the T5-L2 spinal levels. 
Therefore, viseeral pain is often referred to somatie regions of the 
body eorresponding to the dermatomes supplied by the spinal 
eord segment that reeeives the viseeral afferent (sensory) input. 
This is ealled referred pain. 
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Nerves of Kidneys, IJreters, 

and lirinary Bladder 
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Nerves of Kidneys, llreters, 
and llrinary Bladder 



1. Greater splanehnie nerve 

2 . Celiac ganglia and plexus 

3 . Superior mesenterie ganglion 

4 . Inferior mesenterie ganglion 

5 . Sympathetie trunk and ganglion 

6 . Superior hypogastrie plexus 

7 . Pelvie splanehnie nerves 

8 . Inferior hypogastrie (pelvie) plexus with peri-ureteric loops and 
branehes to lower ureter 

Comment: A rieh plexus of sympathetie nerves arising from the 
superior mesenterie ganglion courses to the kidneys. Sympatheties 
to pelvie viseera arise from the superior hypogastrie plexus formed 
below the inferior mesenterie ganglion. These nerves course on either 
side of pelvie viseera to the inferior hypogastrie plexus. 

Parasympathetie fibers to the kidneys arise from the vagus nerve. 
Pelvie viseera and lower abdominal viseera reeeive their 
parasympathetie fibers from pelvie splanehnie nerves arising from 
S2, S3, and S4 spinal eord levels. 


dinieal: The pain (renal eolie) of a renal stone that passes from 
the kidney and into the ureter is usually felt from the loin to the 
groin as the stone works its way toward the urinary bladder in 
the pelvis. The pain is eonveyed by viseeral afferents to the 
eorresponding dorsal root ganglia of the spinal eord (T11-L2); 
thus, the pain is loealized to these dermatomes. 
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Viseeral Referred Pain 
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Viseeral Referred Pain 


1. Duodenum and head of the panereas 

2 . Gallbladder 

3. Liver 

4 . Cecum and eolon 

5. Sigmoid eolon 

6. Kidney 

7 . Small intestine 

8 . Spleen 

9 . Stomaeh 

10. Liver, gallbladder, and duodenum (irritation of diaphragm) 

11 . Gallbladder 

12 . Liver 

Comment: Pain afferents from the abdominal viseera pass to the 
spinal eord largely by follovving the thoraeie and lumbar splanehnie 
sympathetie nerves (T5-L2). Viseeral pain may be pereeived as 
somatie pain (skin and skeletal muscle) over these respeetive 
dermatomes and is ealled referred pain. 

The nerve eell bodies of the afferent fibers from the viseera are 
loeated in the dorsal root ganglia of the respeetive spinal eord levels. 


eiinieal: Most viseeral pain is related to irritation from 
inflammation, isehemia, distention, or eompression. Knovving the 
loeation to vvhieh viseeral pain is referred on the body’s surface 
is important in elinieal diagnosis. Some viseeral pain (e.g., from 
the stomaeh, gallbladder, and spleen) is referred to both the 
anterior and posterior body vvalls, as shovvn in the image. 
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Veins of Anterior Abdominal Wall 
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Veins of Anterior Abdominal Wall 


1. Subclavian vein 

2. Axillary vein 

3. Lateral thoraeie vein 

4. Anterior intereostal veins 

5. Internal thoraeie vein 

6. Inferior epigastrie veins 

7. Superficial epigastrie vein 

8 . Superficial epigastrie vein 

9. Thoraeo-epigastrie vein 

10. Lateral thoraeie vein 

11. Jugular veins (External; Internal; Anterior) 

Comment: The veins of the anterior abdominal wall provide an 
important superficial anastomotie network of veins that returns 
blood to the heart. These veins include anastomoses between the 
superficial epigastrie veins, which drain the inguinal region, and the 
lateral thoraeie veins, which drain into the axillary vein. On a deeper 
plane, the inferior epigastrie veins anastomose with the superficial 
epigastrie veins and the internal thoraeie (mammary) veins. 

In this illustration, a superficial disseetion of the veins is shown in the 
fatty subcutaneous tissue on one side and on a deeper plane of 
disseetion within the abdominal wall musculature on the other side. 


Clinical: Just as in the limbs and head and neek regions, the 
thoraeie and abdominopelvie regions have both a superficial and 
a deep venous arrangement, with numerous intereonneetions 
between these veins. These eonneetions (anastomoses) ensure 
that venous blood ean return to the heart via different routes if 
need be (which is important if a venous route is obstmeted). 
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Ingiiinal Canal and Spermatie Cord 
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Ingiiinal Canal and Spermatie Cord 


1. Testicular vessels and genital braneh of the genitofemoral nerve 

2. Inferior epigastrie vessels 

3. Medial umbilical ligament (occluded part of umbilical artery) 

4. Rectus abdominis muscle 

5. Median umbilical ligament (urachus) 

6. Superficial inguinal rings 

7. interemral fibers 

8. Inguinal ligament (Poupart’s ligament) 

9. Cremasteric muscle 

10. Spermatie eord 

11. Internal spermatie faseia (from transversalis faseia at deep 

inguinal ring) 

12. External abdominal oblique muscle 

13. Internal abdominal oblique muscle 

14. Transversus abdominis muscle 

15. Transversalis faseia 

16. Peritoneum 

Comment: The inguinal eanal extends from the deep inguinal ring to 
the superficial inguinal ring. In males, the spermatie eord traverses 
this eanal. 


eiinieal: indireet inguinal hernias (75% of inguinal hernias) occur 
lateral to the inferior epigastrie vessels, pass through the deep 
inguinal ring and inguinal eanal, and are enelosed within the 
internal spermatie faseia of the spermatie eord. 

Direet inguinal hernias occur medial to the inferior epigastrie 
vessels (Hesselbaeh’s triangle), pass through the posterior wall of 
the inguinal eanal, and are separate from the spermatie eord. 
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Arteries of Stomaeh, Liver, and Spleen 
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Arteries of Stomaeh, Liver, and Spleen 


1. Abdominal aorta 

2 . Celiac trunk 

3. Left hepatie artery 

4. Cystic artery 

5. Hepatie artery proper 

6. Right gastrie artery 

7. Gastroduodenal artery 

8. Right gastro-omental (gastro-epiploie) artery 

9. Common hepatie artery 

10. Left gastro-omental (gastro-epiploie) artery 

11. Short gastrie arteries 

12 . Splenie artery 

13. Left gastrie artery 

Comment: Branehes of the eeliae trunk supply adult derivatives of 
the embryonie foregut and the spleen, a mesodermal derivative. The 
eeliae trunk gives rise to the left gastrie artery, the eommon hepatie 
artery, and the splenie artery. These primary branehes distribute 
arterial blood to the liver and gallbladder; portions of the panereas; 
and the spleen, stomaeh, and proximal duodenum. 


Clinical: This epigastrie region of the abdominal eavity is 
elinieally important because pain seeondary to pathophysiologie 
proeesses is eommon in this area. Vital structures, such as the 
stomaeh, duodenum, spleen, panereas, liver, and gallbladder, all 
reside in this general region or refer pain to this region and to 
dermatomes related to the T5-9 or T10 spinal levels. Because 
so many structures and vessels are in this epigastrie region, 
physieians must obtain a thorough history and perform a physieal 
examination to loealize the site(s) of epigastrie pain. 
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Arteries of Large Intestine 
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Arteries of Large Intestine 


1. Superior mesenterie artery 

2. Middle eolie artery 

3. Straight arteries (arteriae reetae) 

4. Marginal artery 

5. Right eolie artery 

6. lleoeolie artery (Colic braneh; lleal braneh) 

7. Appendicular artery 

8. Superior reetal artery 

9. Sigmoid arteries 

10. Left eolie artery 

11. Inferior mesenterie artery 

12. Jejunal and ileal (intestinal) arteries 

eomment: The superior mesenterie artery supplies blood to the 
adult gastrointestinal traet derivatives of the embryonie midgut. 
These include arteries to a portion of the panereas, the distal 
duodenum, all of the small intestine, the appendix, the aseending 
eolon, and most of the transverse eolon. 

The inferior mesenterie artery supplies the embryonie hindgut 
derivatives: the distal transverse eolon, deseending and sigmoid 
eolon, and superior portion of the rectum. 


eiinieal: Anastomotie ehannels exist between the branehes of 
the superior and inferior mesenterie arteries. If the blood flow 
from one bowel region is eompromised, eollateral flow from 
anastomotie branehes usually ean assist in supplying blood to 
the eompromised region. 
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Arteries of Posterior Abdominal Wall 
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Arteries of Posterior Abdominal Wall 


o 


1. Inferior phrenie arteries 

2 . Celiac trunk with eommon 


hepatie, left gastrie, and 


6 . Common iliae arteries 

7. Intemal iliae artery 

8 . External iliae artery 


splenie arteries 

3. Middle suprarenal artery 

4. Right renal artery 

5. Ist to 4th right lumbar 


arteries 


9. Inferior epigastrie artery 

10. Inferior mesenterie artery 

11. Abdominal aorta 

12. Testicular (ovarian) arteries 

13. Superior mesenterie artery 


Comment: The abdominal aorta enters the abdomen via the aortie 
hiatus (T12 vertebral level) in the diaphragm and divides into the 
eommon iliae arteries anterior to the L4 vertebra. 

The abdominal aorta supplies blood to the abdominopelvie viseera 
and posterior abdominal wall. The 3 unpaired vessels supplying the 
gastrointestinal traet are the eeliae artery and the superior and 
inferior mesenterie arteries. Paired branehes to glandular structures 
include the middle suprarenal, renal, and gonadal arteries. Parietal 
branehes to the posterior abdominal wall include the inferior phrenie 
arteries, 4 pairs of lumbar arteries, and a small median saeral artery. 


eiinieal: Aneurysms (arterial wall bulges) of large arteries may 
occur for a variety of reasons. The abdominal aorta inferior to the 
origin of the renal arteries and above the aortie bifurcation is a 
eommon site for aortie aneurysms. The iliae arteries also are 
often involved. Surgical repair is usually warranted, espeeially if 
there is a danger of rupture. 
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Renal Artery and Vein in Sitii 
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Renal Artery and Vein in Sitii 


1. Right middle suprarenal artery 

2. Right renal artery and vein 

3. Abdominal aorta 

4. Superior mesenterie artery (cut) 

5. Left testicular (ovarian) artery and vein 

6 . Left inferior suprarenal artery 

7. Left inferior phrenie artery 

8 . Esophagus 

Comment: The abdominal aorta gives rise to 3 paired arteries that 
supply glandular structures of the abdominopelvie eavity. The paired 
arteries are the middle suprarenal arteries, the left and right renal 
arteries, and the left and right gonadal (ovarian or testicular) arteries. 

As endoerine glands, the suprarenal glands reeeive a rieh arterial 
supply from inferior phrenie arteries, direetly from middle suprarenal 
arteries arising from the aorta, and from inferior suprarenal arteries 
arising from the renal vessels. 

The suprarenal (adrenal) glands and the kidneys are retroperitoneal 
organs. The right kidney lies slightly lower than the left kidney, owing 
to the presenee of the liver on the right side. The right adrenal gland 
usually is pyramidal, and the left adrenal gland is usually semilunar. 


eiinieal: Because of the segmental development of the kidneys 
and their lobulated appearanee, it is not uncommon for there 
to be several renal arteries and/or veins assoeiated with the 
kidneys. Therefore, surgeons operating in this region of the 
abdomen must be aware of the variability in the renal vessels. 


Abdomen 


Atlas Plate 310 







Veins of Posterior Abdominal Wall 
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Veins of Posterior Abdom nal Wall 


1. Inferior phrenie veins 

2. Inferior vena eava 

3. Right renal vein 

4. Ist to 4th right lumbar veins 

5. Common iliae vein 

6 . External iliae vein 

7. Internal iliae vein 

8 . Common iliae vein 

9. Aseending lumbar veins 

10. Ovarian (testicular) veins 

Comment: The inferior vena eava pierees the diaphragm at the 
level of the T8 vertebra and enters the right atrium of the heart. Just 
inferior to the diaphragm, 2 or 3 hepatie veins drain blood from the 
liver into the inferior vena eava. 

Prineipal tributaries of the inferior vena eava eorrespond to many of 
the arterial branehes arising from the abdominal aorta. Commonly, 
these tributaries include the eommon iliae veins, pairs of lumbar 
veins, gonadal (testicular or ovarian) veins, renal veins, azygos vein, 
suprarenal veins, inferior phrenie veins, and hepatie veins. Veins 
draining the gastrointestinal traet and spleen form the portal venous 
system. 


eiinieal: Veins vary in number and arrangement and possess 
numerous eonneetions with veins lying superficial or deep, as 
well as with veins of speeialized systems such as the portal 
system draining the gastrointestinal traet. These veins do not 
have valves, and blood flow may occur in either direetion 
depending on the pressure gradient propelling the blood. 
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Hepatie Portal Vein Tributaries: 
Portosystemie Anastomoses 
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Hepatie Portal Vein Tributaries: 
Portosystemie Anastomoses 



1. Para-umbilical veins 

2. Right gastrie vein 

3. Hepatie portal vein 

4. Superior mesenterie vein 

5. Middle eolie vein 

6. Right eolie vein 

7. Ileoeolie vein 

8. Inferior reetal veins 

9. Middle reetal veins 

10. Left and right superior reetal veins 

11. Left eolie vein 

12. Inferior mesenterie vein 

13. Splenie vein 

14. Left gastrie vein 

15. Esophageal veins 

Comment: The hepatie portal vein is formed by the union of the 
splenie vein and superior mesenterie vein. 


Clinical: Important portosystemie anastomotie sites include 
sites around the esophagus, the para-umbilical region, the 
rectum, and where portions of the gastrointestinal traet are in a 
retroperitoneal position. 

If portal blood flow is deereased or prevented from flowing 
through the liver, the venous blood still ean reaeh the heart via 
these important portosystemie anastomoses. Likewise, if the 
inferior vena eava is partially eompressed or obstmeted, venous 
blood ean flow via the portosystemie anastomoses into the portal 
system of veins. 
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Greater Omentiim and 
Abdominal Viseera 
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Greater Omentiim and 
Abdominal Viseera 


o 


1. Greater omentum (turned up) 

2. Transverse eolon (turned up) 

3. Right eolie (hepatie) flexure 

4. Small intestine (jejunum and ileum) 

5. Aseending eolon 

6 . Cecum 

7. Llrinary bladder 

eomment: The abdominopelvie eavity is a potential spaee. Parietal 
peritoneum lines the inner aspeet of the abdominal walls and refleets 
onto the viseera as viseeral peritoneum. 

Portions of the aseending, transverse, and deseending eolon ean be 
seen framing the small bowel, which eonsists of the jejunum and 
ileum in this illustration. The fatty greater omentum is turned up but 
remains attaehed to the bowel margin. 


dinieal: If a portion of the peritoneal eavity or its eontents 
beeomes inflamed, the greater omentum ean migrate to the site 
of inflammation and wall off the site by forming an adhesion, 
potentially proteeting the remainder of the eavity. Because of 
its ability to wall off an infeetion site, the greater omentum is 
sometimes referred to as the abdomen’s “polieeman.” 

Also, the greater omentum often is a site for the metastatie 
spread of eaneer from multiple primary sites. 
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Omental Bursa: Stomaeh 


Refleet 
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Omental Bursa: Stomaeh Refleeted 


1. Stomaeh (posterior surface) 

2. Probe in omental (epiploie) foramen 

3. Gallbladder 

4. Deseending (2nd) part of duodenum 

5. Head of panereas (retroperitoneal) 

6 . Transverse mesoeolon 

7. Left eolie (splenie) flexure 

8 . Spleen 

9. Left suprarenal (adrenal) gland (retroperitoneal) 

Comment: The greater omentum has been severed in this 
illustration, and the stomaeh has been elevated to show the lesser 
sae (the remainder of the abdominopelvie eavity is ealled the 
greater sae) residing posterior to the stomaeh and anterior to the 
retroperitoneal panereas. 

A probe enters the lesser sae through the epiploie foramen of 
Winslow. Anterior to the epiploie foramen lies the hepatoduodenal 
ligament, which is a portion of the lesser omentum (the other part is 
the hepatogastrie ligament). Within the hepatoduodenal ligament one 
finds the hepatie artery proper, the eommon bile duct, and the portal 
vein. 

Only a portion of the 2nd part of the duodenum is visible in this 
illustration. Similar to the panereas, the duodenum is seeondarily 
retroperitoneal. 


eiinieal: A perforated gastrie ulcer in the posterior wall of the 
stomaeh could spill gastrie eontents into the lesser sae, and its 
aeidie juices may erode into the panereas. Likewise, eaneer of 
the panereas could invade the duodenum, stomaeh, or spleen 
because of its elose proximity to these structures. 
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Omental Bursa: Cross Seetion 
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Omental Bursa: Cross Seetion 


1. Inferior vena eava 

2. Omental (epiploie) foramen (of Winslow) 

3. Portal triad (Oommon bile duct; Hepatie portal vein; Hepatie 
artery proper) 

4. Omental bursa (lesser sae) 

5. Panereas 

6 . Stomaeh 

7. Spleen 

8 . Left kidney 

9. Splenie vein 

10. Abdominal aorta 

Comment: The omental bursa, or lesser sae, resides posterior 
to the stomaeh and anterior to the panereas, which lies 
retroperitoneally. Aeeess to the lesser sae is through a small 
foramen ealled the epiploie foramen of Winslow. The rest of the 
abdominopelvie eavity is referred to as the greater sae. 

The portal triad lies within the hepatoduodenal ligament, which is 
part of the lesser omentum (the other part is the hepatogastrie 
ligament). Just posterior to this triad, one ean aeeess the inferior 
vena eava (the inferior vena eava and aorta are retroperitoneal). 


eiinieal: Note the loeation of the panereas and its elose 
proximity to a number of important epigastrie structures, 
including the duodenum, stomaeh, spleen, left kidney and 
adrenal gland, and aorta and inferior vena eava. Cancer from 
or trauma to the panereas ean have implieations for any one of 
these structures that lies elose to this important retroperitoneal 
organ. 


Abdomen 


Atlas Plate 267 
See also Plate 325 







Gallbladder and Extrahepatic 

Bile Ducts 
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Gallbladder and Extrahepatic 
Bile Ducts 



1. Common hepatie duct 

2 . Cystic duct 

3. Superior (Ist) part of duodenum 

4. Hepatie ducts (Right; Left) 

5. Cystic duct (Spiral fold; Smooth part) 

6 . Common bile duct 

7. Panereatie duct 

8 . Hepatopanereatie ampulla (of Vater) 

Comment: Bile leaves the liver by the right and left hepatie ducts, 
draining into a eommon hepatie duct. The latter drains via the eystie 
duct into the gallbladder, which eoneentrates and stores bile. VVhen 
stimulated by autonomic nerves and eholeeystokinin, the gallbladder 
eontraets, sending bile down the eystie duct. The bile flows through 
the eommon bile duct to the major duodenal papilla, which empties 
into the deseending duodenum. At this loeation, the eommon bile 
duct joins the main panereatie duct to form the hepatopanereatie 
ampulla of Vater. 


Clinical: Gallstones occur in 10% to 20% of adults; risk faetors 
include inereased age, obesity, and being female. About 80% of 
gallstones are eholesterol stones, and about 20% are pigment 
(bilimbin calcium salts) stones. Gallstones ean bloek the flow 
of bile from the gallbladder to the duodenum and cause 
inflammation (eholeeystitis) or bloek the hepatopanereatie 
ampulla and impede exocrine seeretion from the panereas. 

The pain of acute eholeeystitis may be felt in the right upper 
abdominal quadrant, radiating laterally just beneath the right 
breast to the baek just below the inferior angle of the right 
scapula. 
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Surfaces of Liver 


Anterior view 



Viseeral view 
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Surfaces of Liver 


1 . 

Coronary ligament 

6 . 

Bare area 

2 . 

Fissure for ligamentum 

7 . 

Round ligament (ligamentum 


venosum 


teres) of liver (obliterated 

3 . 

Porta hepatis 


umbilical vein) forming free 

4 . 

Gallbladder 


border of faleiform ligament 

5 . 

Quadrate lobe 

8 . 

Faleiform ligament 


Comment: Viseeral peritoneum refleets off the liver in the form of 
the faleiform ligament and the eoronary ligaments, which refleet 
off the right and left lobes of the liver and onto the iinderlying 
diaphragm. The bare area of the liver marks the portion of the liver 
not eovered by viseeral peritoneum because it is in direet eontaet 
with the diaphragm. 

The round ligament of the liver is the obliterated umbilical vein. It 
is visible in the free margin of the faleiform ligament. The round 
ligament joins the ligamentum venosum, which is the fused ductus 
venosus from the fetus. Before birth, this passageway allows 
umbilical blood eoming from the plaeenta to bypass the liver and 
drain direetly into the inferior vena eava and pass to the fetal heart. 

The liver is the largest solid organ in the body (the skin is the largest 
nonsolid organ) and functions in the production and seeretion of bile; 
storage of nutrients; production of cellular fuels, plasma proteins, 
and elotting faetors; and detoxification and phagoeytosis. 


Clinical: Cirrhosis is a largely irreversible disease of the liver. 
Causes include aleoholie liver disease (60% to 70% of eases), 
viral hepatitis, biliary diseases, genetie hemoehromatosis, and 
eryptogenie eirrhosis. 
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Mucosa and Musculature 

of Small Intestine 


Jejunum 


A . 



Ileum 
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Mtieosa and Miiseiilatiire 
of Small Intestine 



1. Anastomotie loop (areade) of jejiinal arteries 

2 . Straight arteries (arteriae reetae) 

3 . Circular folds (valves of Kerekring) 

4 . Anastomotie loops (areades) of ileal arteries 

5 . Serosa (viseeral peritoneum) 

6 . Aggregate lymphoid nodules (Peyer’s patehes) 

Comment: The small intestine includes the duodenum (seeondarily 
retroperitoneal), the jejunum (mesenterie), and the ileum (mesenterie). 
The jejunum constitutes the proximal two-fifths and the ileum the 
distal three-fifths of the mesenterie small intestine. 

Several gross eharaeteristies distinguish the jejunum from the ileum. 
The jejunum is larger in diameter and has longer straight arteries 
branehing from its arterial areades. It also has less fat in its 
mesentery and prominent circular folds of mucosa (plieae circulares) 
in its interior wall. More distally in the small bowel, the eoneentration 
of aggregated lymphoid nodules (Peyer’s patehes) inereases. 


Clinical: Orohn’s disease is an idiopathie inflammatory bowel 
disease that may affeet any segment of the gastrointestinal traet 
but usually involves the small intestine and eolon. The disease 
presents with abdominal pain (in the periumbilical region or lower 
right quadrant), diarrhea, fever, and several other symptoms and 
is most eommon between the ages of 15 and 30 years. 
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Miieosa and Miiseiilatiire 

of Large Intestine 
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Mtieosa and Miiseiilatiire 
of Large Intestine 



1. Greater omentum (cut away) 

2 . Transverse eolon 

3 . Omental (epiploie) appendiees (fat) 

4 . Aseending eolon 

5. Ileal orifiee 

6. Cecum 

7 . Appendix 

8. Rectum 

9. Sigmoid mesoeolon 

10 . Sigmoid eolon 

11 . Taeniae eoli 

12 . Deseending eolon 

13 . Haustra 

14 . Semilunar folds 

eomment: The large intestine includes the cecum (and the 
appendix), aseending eolon, transverse eolon, deseending eolon, 
sigmoid eolon, rectum, and anal eanal. 

Saes of fat (omental appendiees), longitudinal smooth muscle bands 
ealled taeniae eoli (3 bands exist), and haustra are eharaeteristie 
features of the eolon. Functionally, the eolon is responsible for 
dehydration and eompaetion of indigestible materials for elimination. 
The reabsorption of water and eleetrolytes and provision of host 
defense meehanisms also are important functions. 

The transverse and sigmoid eolon are intraperitoneal and are 
tethered by a mesentery. 


eiinieal: Ooloreetal eaneer is 2nd only to lung eaneer in 
site-speeifie mortality rates and accounts for almost 15% of 
eaneer-related deaths in the llnited States. 
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Gross Straetiire of Kidney 


Right kidney seetioned in 
several planes, exposing 
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Gross Structure of Kidney 


1. Cortex 

2 . Medulla (pyramids) 

3 . Renal papilla 

4 . Medullary rays 

5 . Llreter 

6 . Minor ealiees 

7 . Renal pelvis 

8 . Major ealiees 

9 . Renal column 

Comment: At the gross level, the interior of the human kidney is 
divided into an outer eortieal layer and inner medullary layer. 

At its apex, eaeh medullary pyramid has a renal papilla in which the 
eolleeting ducts of the nephron deliver urine to minor and major 
ealiees. Several major ealiees eoalesee to form the renal pelvis, 
which exits the kidney at its hilum and forms the ureter. The ureter 
eonveys urine to the urinary bladder. 


Clinical: Kidney stones (renal stones, nephrolithiasis) ean form 
in the kidney and enter the urinary eolleeting system, where they 
may cause renal eolie (loin to groin pain) and obstmetion of the 
flow of urine from the kidney to the urinary bladder. The 3 most 
eommon sites of obstmetion occur at the ureteropelvic junction 
at the hilum of the kidney, where the ureter erosses the eommon 
iliae vessels, at the pelvie brim, and at the ureterovesical junction 
as the ureter passes through the bladder’s detmsor muscle wall. 


Abdomen 


Atlas Plate 311 







Abdominal Wall and Viseera: 
Median (Sagittal) Seetion 
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Abdominal Wall and Viseera: 
Median (Sagittal) Seetion 



1. Liver 

2 . Lesser omentum 

3. Omental bursa (lesser sae) 

4 . Transverse mesoeolon 

5 . Transverse eolon 

6 . Small intestine 

7 . Llrinary bladder 

8 . Rectum 

9 . Inferior (horizontal, or 3rd) part of duodenum 

10 . Panereas 

Comment: Refleetions of the parietal and viseeral peritoneum and 
their intervening mesenteries ean be seen in this sagittal seetion. 

The stomaeh, small intestine (jejunum and ileum portions), transverse 
eolon, and sigmoid eolon are suspended in the peritoneal eavity by 
mesenteries. The other portions of the gastrointestinal traet are 
seeondarily retroperitoneal. 


Clinical: The abdominopelvie eavity is a potential spaee, 
normally eontaining only a small amount of serous lubricating 
fluid that allovvs the viseera to glide easily over one another 
during gastrointestinal peristalsis. The abnormal accumulation of 
serous fluid in this potential spaee is ealled aseites. Aseites ean 
occur for a variety of reasons. In liver eirrhosis, the sinusoidal 
hypertension (portal hypertension) ean contribute up to 10-20 
L/day of vveeping hepatie lymph that may eolleet in the peritoneal 
eavity and greatly distend the abdomen. 
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Sehematie Cross Seetion 

of Abdomen at T12 
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Sehematie Cross Seetion 
of Abdomen at T12 



1 . Liver 

2 . Faleiform ligament 

3 . Portal vein 

4 . Inferior vena eava 

5 . Omental bursa (lesser sae) 

6 . Right kidney 

7 . Abdominal aorta 

8 . Left suprarenal (adrenal) gland 

9 . Splenorenal ligament with splenie vessels 

10 . Spleen 

11. Gastrosplenie ligament with short gastrie vessels 

12 . Stomaeh 

13 . Rectus abdominis muscle (in rectus sheath) 

14 . Lesser omentum 

eomment: In this eross seetion of the abdomen, the intraperitoneal 
viseera are represented by the liver, stomaeh, and spleen. 
Retroperitoneal viseera lying beneath the parietal peritoneum in the 
posterior abdominal wall include the right and left kidneys, suprarenal 
(adrenal) glands, aorta, and inferior vena eava. 

Within the hepatoduodenal portion of the lesser omentum, one ean 
see the portal vein, eommon bile duct, and hepatie artery proper. 


Clinical: Note that the kidneys and adrenal glands are 
retroperitoneal organs, which lie posterior to the parietal 
peritoneum eovering the posterior abdominal wall. Therefore, in 
some instanees, these organs may be aeeessed surgically 
without entering the peritoneal eavity, thus reducing the ehanee 
for intra-abdominal infeetion. 
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Sehematie Cross Seetion of 

Abdomen at L2 and L3 
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Sehematie Cross Seetion of 
Abdomen at L2 and L3 



1. Ileum 

2 . Aseending eolon 

3 . Right paraeolie gutter 

4 . Psoas major muscle 

5. Inferior vena eava 

6. Abdominal aorta 

7 . Intervertebral dise (between L2 and L3 vertebral bodies) 

8. Deseending eolon 

9. Loops of jejunum 

10 . Internal oblique muscle 

11 . Greater omentum 

12 . Omental appendiees (fat) 

13 . Linea alba 

14. Transverse eolon 

Comment: This eross seetion of the lower abdominopelvie eavity 
shows the loops of the small bowel suspended by a mesentery. Also 
visible are portions of the aseending, transverse, and deseending 
eolon. The aseending and deseending eolon are seeondarily 
retroperitoneal, having been pushed against the posterior abdominal 
wall during embryonie development of the gastrointestinal traet. 


Clinical: Note the relationships of the abdominal viseera to 
the posterior, lateral, and anterior abdominal wall muscles. The 
greater omentum drapes over the intestines like a fatty apron and 
ean “wall off” sites of inflammation within the peritoneal eavity by 
forming adhesions to proteet the rest of the viseera. The 
adhesions develop as the inflamed viseeral peritoneum sears and 
forms eonneetive tissue with adjaeent peritoneal surfaces. The 
adhesions may beeome signifieant and limit bowel motility, 
leading to reduced or obstmeted flow through a bowel segment. 
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Pelvis and Perineiim 

Cards 5-1 to 5-24 


Bones and Joints 

Bones and Ligaments of Pelvis 

Miiseles 

Levator Ani (Puborectalis; Pubococcygeus; 
lliococcygeus) 

Coccygeus (lschiococcygeus) 

Female Perineum 

Oompressor Llrethrae and Sphineter 

Llrethrovaginalis 

Sphineter Llrethrae (Female) 

Male Perineum 
Sphineter Llrethrae 

External Anal Sphineter (Deep; Superficial; 
Subcutaneous) 

Nerves 

Nerves of Pelvie Viseera: Female 

Nerves of Perineum and External Genitalia: 

Female 

Nerves of Perineum: Male 


Vessels 

Arteries of Female Pelvis 

Arteries and Veins of Female Perineum 

Veins of Rectum and Anal Canal 


Netter’s Anatomy Flash Cards 





Pelvis and Perineiim 

Cards 5-1 to 5-24 

5-16 Arteries and Veins of Male Pelvis 
5-17 Arteries and Veins of Male Perineum 

Viseera 

5-18 Female Pelvie Oontents: Superior View 
5-19 Transverse Seetion: Tip of Coccyx (Male) 

5-20 Support Structures of Female Pelvie Viseera 
5-21 Female Perineum 
5-22 Male Pelvie Oontents: Superior View 
5-23 Male Perineum and Penis 
5-24 Testis, Epididymis, and Ductus Deferens 



Pelvis and Perineum 


Table of Oontents 





Bones and Lígaments of Pelvis 


Posterior view 
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Anterior view 



Pelvis and Perineum 

























Bones and Ligaments of Pelvis 


o 


1. lliolumbar ligament 

2 . Supraspinous ligament 

3 . Posterior saero-iliae 


8 . lliae fossa 


9 . lliae erest 

10 . Anterior saero-iliae 


ligaments 

4 . Greater seiatie foramen 

5 . Sacrotuberous ligament 

6 . Anterior longitudinal 


ligament 


ligament 

7 . Posterior saeroeoeeygeal 


ligaments 


11. Anterior superior iliae spine 

12 . Sacrospinous ligament 

13. Lesser seiatie foramen 

14 . Peeten pubis 

15. Pubic tubercle 

16. Pubic symphysis 


Comment: The saero-iliae joint is a plane synovial joint between the 
saemrn and ilium. It permits little movement. The saero-iliae joint 
transmits the weight of the body to the hip bone when a person is 
standing. It is reinforeed by anterior, posterior, and interosseous 
saero-iliae ligaments. 

The saeroeoeeygeal joint is a cartilaginous joint between the saemrn 
and coccyx. It allows some movement and eontains an intervertebral 
dise between S5 and Co1. 

The pubic symphysis is a cartilaginous (fibrocartilaginous) joint 
between the 2 pubic bones. 

The sacrospinous ligament divides the greater seiatie foramen from 
the lesser seiatie foramen. 


Clínical: The female pelvis is distinguished from the male pelvis 
by its wider pubic areh, an adaptation for ehildbirth. 
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Pelvie Diaphragm: Male 


Superior view 
(viseera removed) 
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Pelvie Diaphragm: Male 


1. Levator ani muscle (Puborectalis; Pubococcygeus; lliococcygeus) 

Origin: Arises from the body of the pubis, the arcus tendineus 
(actually a thiekened portion of the obturator faseia) of the levator 
ani, and the isehial spine. 

Insertion: Attaehes to the coccyx, anoeoeeygeal raphe, external 
anal sphineter, walls of the prostate, rectum, anal eanal, and eentral 
tendon of the perineum. 

Aetion: Supports and slightly raises the pelvie floor. 

Innervation: Ventral rami of S3 and S4 and perineal braneh of the 
pudendal nerve. 

eomment: The levator ani has 3 parts: the puborectalis, the 
pubococcygeus, and the iliococcygeus muscles. With the coccygeus 
muscle, the levator ani forms the pelvie diaphragm. 

The greater seiatie foramen exists superior to the pelvie diaphragm 
and provides a passageway for structures to leave the pelvie eavity 
and enter the gluteal region. The lesser seiatie foramen exists 
inferior to the pelvie diaphragm and provides a passageway for 
neurovascular structures to pass from the gluteal region to the 
perineum (importantly, the pudendal neurovascular bundle). 


eiinieal: The levator ani, as part of the pelvie diaphragm, 
provides an important support structure for the pelvie viseera, 
and espeeially the female reproductive viseera. It helps maintain 
the integrity of the uterus and vagina, as well as support the 
rectum and assist in defeeation by straightening the anoreetal 
junction in both sexes. 
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Pelvie Diaphragm: Male 



Superior view 
(viseera removed) 
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Pelvie Diaphragm: Male 


1. Coccygeus (ischiococcygeus) muscle 

Origin: Arises from the spine of the ischium and the sacrospinous 
ligament. 

Insertion: Attaehes to the coccyx and lower portion of the saernm. 

Aetion: With the levator ani, the coccygeus supports the pelvie 
floor. It also draws the coccyx forward after the coccyx has been 
pushed baek during parturition (in females) or defeeation. 

Innervation: Ventral rami of S4 and S5. 

eomment: The pelvie diaphragm eomprises the coccygeus and 
levator ani. Together, these muscles support and raise the pelvie 
floor. 

The coccygeus muscle is the muscle used by dogs to tuck their tails 
between their hind legs; in humans, it is largely a mixture of skeletal 
muscle fibers and fibrous eonneetive tissue. 

The greater seiatie foramen exists superior to the pelvie diaphragm 
and provides a passageway for structures to leave the pelvie eavity 
and enter the gluteal region. The lesser seiatie foramen exists 
inferior to the pelvie diaphragm and provides a passageway for 
neurovascular structures to pass from the gluteal region to the 
perineum (importantly, the pudendal neurovascular bundle). 


eiinieal: Assisting the levator ani, the coccygeus pulls the 
coccyx forward after defeeation and forms the posterior portion 
of the pelvie diaphragm. 
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Female Perineum 
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Female Perineiim 


1. lschiocavemosus muscle with deep perineal (investing, or 
Gallaudet’s) faseia removed 

2 . Bulbospongiosus muscle with deep perineal (investing, or 
Gallaudet’s) faseia removed 

3 . Perineal membrane 

4 . Superficial transverse perineal muscle with deep perineal 
(investing, or Gallaudet’s) faseia removed 

5 . Perineal body 

6 . Parts of external anal sphineter muscle (Deep; Superficial; 
Subcutaneous) 

7 . Levator ani muscle (Pubococcygeus; Puborectalis; lliococcygeus) 

8 . Gluteus maximus muscle 

Comment: The muscles of the perineum are skeletal muscles. They 
are innervated by the pudendal nerve and its branehes (ventral rami 
of S2-4). 

The eentral tendon of the perineum (perineal body) is a mass of 
fibromuscular tissue found in the midline between the anus and 
vagina. It is an attaehment point for many of the muscles of the 
perineum and is important for maintaining the integrity of this region. 


eiinieal: An episiotomy is a surgical ineision usually made 
posteriorly (median ineision) or posterolaterally in the 
inferoposterior wall of the vagina to enlarge the vaginal opening 
during ehildbirth. This procedure is done only if the normal 
delivery might result in a tear of the perineum and perineal body, 
which would disrupt the integrity of the perineum. It is easier to 
suture an episiotomy after delivery than to try to repair a nasty 
tear of the perineal body. 
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Perineiim and Deep Perineum 


Female 
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Perineiim and Deep Perineum 


1. Compressor urethrae muscle 

2 . Sphineter urethrovaginalis muscle 

Comment: The anatomy of these muscles is eontroversial. The 
urethral sphineter might be more of a “urogenital sphineter,” 
eonsisting of a eompressor urethrae muscle and a sphineter 
urethrovaginalis muscle. The sphineter aetion of these muscles is 
debatable. 

These muscles are innervated primarily by the perineal braneh of the 
pudendal nerve (S2-4). 

On one side of this illustration, the ischiocavernosus and 
bulbospongiosus muscles have been removed to show the 
underlying ereetile tissues of the bulb of the vestibule and the crus of 
the elitoris (still ensheathed in a faseial layer). Posterior to the bulb of 
the vestibule lies the greater vestibular (Bartholin’s) gland, which 
seeretes mucus during sexual arousal that lubricates the vaginal 
opening. 


Clinical: During ehildbirth, the urogenital sphineter complex ean 
be stretehed, weakening its aetions both as a sphineter and as a 
complex of supporting structures of the lower perineum. 

Llrinary traet infeetions are more eommon in women, in part 
because of the shorter urethra and the proximity to pathogens 
that may be present in the vestibule (the region defined by the 
labia minora). 
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Perineiim and Deep Perineum 


Female 
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Perineiim and Deep Perineum 


1. Sphineter urethrae muscle (female) 

Origin: Arises from the inferior pubic ramus. 

Insertion: Attaehes to a median raphe and the perineal body. 

Aetion: The muscles on both sides aet together to eonstriet the 
urethra. 

Innervation: Perineal braneh of the pudendal nerve (S2-4). 

Oomment: In women, this muscle blends with the eompressor 
urethrae muscle and the urethrovaginal sphineter muscles. 

Although some textbooks eall this muscle the “extemal” urethral 
sphineter, women do not possess an internal urethral sphineter 
(smooth muscle sphineter at the neek of the urinary bladder), which 
is a sphineter muscle found only in men. 


Clinical: Stretehing during ehildbirth ean weaken the integrity 
of the urogenital sphineter (sphineter urethrae and eompressor 
urethrae muscles) as well as the support structures of the 
reproductive viseera (pelvie diaphragm, pubovesical and eervieal 
ligaments), leading to stress ineontinenee, in which there is an 
involuntary loss of urine after an inerease in intra-abdominal 
pressure. 
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Male Perineiim 
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Male Perineiim 


1. Bulbospongiosus muscle with deep perineal (investing, or 
Gallaudet’s) faseia removed 

2 . lschiocavernosus muscle with deep perineal (investing, or 
Gallaudet’s) faseia removed 

3 . Perineal membrane 

4 . Perineal body 

5 . Superficial transverse perineal muscle with deep perineal 
(investing, or Gallaudet’s) faseia removed 

6 . Parts of external anal sphineter muscle (Subcutaneous; 
Superficial; Deep) 

7 . Levator ani muscle (Pubococcygeus; Puborectalis; lliococcygeus) 

8 . Gluteus maximus muscle 

Comment: The muscles of the male perineum are skeletal in nature 
and are innervated by the pudendal nerve and its branehes. Many 
of these muscles have attaehments to the eentral tendon of the 
perineum (perineal body). The perineal body is a midline structure 
loeated just anterior to the anal eanal and just behind the bulb of 
the penis. 

This illustration shows the subdivision of the diamond-shaped 
perineum into an anterior urogenital triangle and a posterior anal 
triangle. An imaginary horizontal line eonneeting the 2 isehial 
tuberosities divides the perineum into these 2 deseriptive triangles. 

The ischiocavernosus and bulbospongiosus muscles eover the crus 
of the penis (corpus cavernosum) and the bulb of the penis (corpus 
spongiosum). These bodies are the ereetile tissue of the penis. 


Clinical: Contraction of the bulbospongiosus muscle helps to 
evacuate any remaining urine in the spongy urethra. 
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Perineal Spaee 



Male: Inferior view 
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Perineal Spaee 


1. Sphineter urethrae miisele (male) 

Origin: Arises from the isehiopiibie ramus. 

Insertion: Inserts into a median raphe and the perineal body and 
extends superoanteriorly along the prostate to the neek of the urinary 
bladder. 

Aetion: Aeting together, muscles on both sides form a sphineter 
that eompresses the membranous portion of the male urethra. 

Innervation: Perineal braneh of the pudendal nerve (S2-4). 

eomment: In men, only a portion of the muscle forms a true 
sphineter of the urethra (external urethral sphineter). It is thought that 
another portion of the muscle extends vertieally to the bladder and 
invests the prostatie urethra anteriorly and laterally. It is unknown 
how or whether this muscle aets on the prostatie urethra. 

At the neek of the male urinary bladder, an internal urethral sphineter 
(smooth muscle, sympathetieally innervated from L1-2) exists that is 
important during ejaculation because it prevents semen from entering 
the urinary bladder or urine from entering the prostatie urethra. 


Clinical: Ereetile dysfunction is an inability to aehieve and/or 
maintain penile ereetion sufficient for sexual intercourse. 

Normally, sexual stimulation releases nitrie oxide from nerve 
endings and vascular endothelial eells, thus relaxing the smooth 
muscle tone and inereasing blood flow, which then eompresses 
the veins draining the ereetile tissues and allows for engorgement 
of the tissues. Drugs that treat ereetile dysfunction aid in the 
relaxation of the smooth muscle. 
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Anoreetal Musculature 


Anterior view 
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Anoreetal Musculature 


1. Extemal anal sphineter (Deep; Superficial; Subcutaneous) 

Attaehments: Surrounds the last 2 em of the anal eanal and 
eonsists of subcutaneous, superficial, and deep portions. Some 
fibers attaeh anteriorly to the perineal body and posteriorly to 
the anoeoeeygeal ligament. Fibers also may join the superficial 
transverse perineal, the levator ani, and the bulbospongiosus 
muscles. Deep fibers interlaee with the puborectalis muscle. 

Aetion: This muscle is in a tonie state of eontraetion and has no 
antagonist. It keeps the anal eanal elosed. 

Innervation: Supplied by the inferior reetal branehes (largely S4) of 
the pudendal nerve (S2-4). 

Comment: An internal sphineter lies deep to the external anal 
sphineter. This smooth muscle sphineter is under involuntary 
eontrol. Sympathetie fibers maintain its tonie eontraetion, whereas 
parasympathetie fibers relax muscle tone and permit expansion of 
the anal eanal during defeeation or flatulence. This aetion also 
requires that the external anal sphineter be relaxed simultaneously. 


Clinical: Trauma to the anal mucosal lining (e.g., from 
eompaeted feees) ean lead to an anal infeetion that ean spread 
into the adjaeent sphineter muscles and beyond, into the 
isehio-anal fossae of the fat-filled anal triangle. 
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Nerves of Pelvie Viseera: Female 
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Nerves of Pelvie Viseera: Female 


1. Sympathetie trnnk and L2 ganglion 

2 . Lumbar splanehnie nerves 

3 . Saeral splanehnie nerves (sympathetie) 

4 . Pudendal nerve 

5 . Pelvie splanehnie nerves (parasympathetie) 

6 . Inferior hypogastrie (pelvie) plexus 

7 . Superior hypogastrie plexus 

Comment: The female pelvie viseera are innervated largely by the 
lower portion of the parasympathetie division of the autonomic 
nervous system. These parasympathetie preganglionie fibers arise as 
the pelvie splanehnie nerves from the nerve roots of S2, S3, and S4. 
Many of these preganglionie parasympathetie fibers synapse in the 
inferior hypogastrie (pelvie) plexus, adjaeent to the rectum, uterus, 
ovary, and uterine tubes. Postganglionie parasympatheties from the 
inferior hypogastrie plexus course to the respeetive pelvie viseera. 


Clinical: Pain afferents from the ovaries, uterine tubes, and 
fundus and body of the uterus follow sympathetie fibers baek to 
the spinal eord (T11 or T12 to L1-2 levels). Pain fibers from the 
uterine cervix and vagina (subperitoneal structures) travel baek 
to the spinal eord via the pelvie splanehnie nerves (S2-4). Cell 
bodies for these pain afferents reside in the dorsal root ganglia of 
the respeetive spinal eord levels. Therefore, pain from the pelvie 
and perineal viseera is felt over the dermatome areas T11-L2 and 
S2-4; it is largely eonfined to the hypogastrie region, pelvis, and 
perineum and oeeasionally radiates into the upper part of the 
lower limb. 


Pelvis and Perineum 


Atlas Plate 390 
See also Plate 297 







Nerves of Perineum and 
External Genitalia: Female 
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Nerves of Perineiim and 
External Genitalia: Female 



1. Dorsal nerve of elitoris 

2 . Posterior labial nerves 

3 . Branehes of perineal nerve (Superficial; Deep) 

4 . Pudendal nerve in pudendal (Aleoek’s) eanal (disseeted) 

5 . Perineal nerve 

6 . Inferior anal (reetal) nerves 

Comment: The pudendal nerve (somatie nerve) innervates the skin 
and skeletal muscle of the female perineum and external genitalia. 

It arises from the ventral rami of S2, S3, and S4 spinal eord levels. 
After emerging from the pudendal (Aleoek’s) eanal, the pudendal 
nerve divides into inferior anal (reetal) nerves, the perineal nerve, and 
the dorsal nerve of the elitoris. 

Parasympathetie fibers arise from the S2-4 levels; travel in pelvie 
splanehnie nerves to the inferior hypogastrie plexus and uterovaginal 
plexus; and stimulate vaginal seeretions, ereetion of the elitoris, and 
engorgement of the bulbs of the vestibule (vasodilation of the arteries 
supplying the ereetile tissue of the elitoris and vestibular bulb). 


Clinical: In some eases it is neeessary to aehieve loeal 
anesthesia of the perineal area, and the pudendal nerve may be 
bloeked seleetively by infiltrating a loeal anesthetie into the region 
of the pudendal eanal, thus numbing the S2-4 somatie region 
(skin and skeletal muscle) of the perineum. 
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Nerves of Perineiim: Male 
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Nerves of Perineiim: Male 


1. Perineal nerves (Superficial; Deep) 

2 . Inferior anal (reetal) nerves 

3 . Pudendal nerve 

4 . Perineal nerve 

5 . Superficial and deep branehes of perineal nerve 

6 . Dorsal nerve of penis (continuation of pudendal nerve supplying 
muscles on superior aspeet of perineal membrane) 

eomment: The pudendal nerve and its branehes innervate the skin 
and skeletal muscles of the male perineum. The nerve arises from 
ventral rami of S2, S3, and S4 spinal eord levels. After emerging 
from the pudendal (Aleoek’s) eanal, the pudendal nerve divides into 
inferior anal (reetal) nerves, the perineal nerve, superficial and deep 
branehes of the perineal nerve (which also supply the scrotum), and 
the dorsal nerve of the penis. 

Parasympathetie fibers arise from the S2-4 levels, travel in pelvie 
splanehnie nerves to the inferior hypogastrie plexus and prostatie 
nerve plexus, and stimulate the release of nitrie oxide from the nerve 
endings and endothelial eells of the ereetile tissues, which relaxes 
smooth muscle tone and inereases blood flow to permit ereetion. 


eiinieal: Ereetile dysfunction is the inability to aehieve or 
maintain penile ereetion sufficient for sexual intercourse. Nitrie 
oxide released by the pelvie splanehnie parasympathetie nerve 
fibers and endothelial eells normally causes the dilation of the 
arteries supplying blood to the ereetile tissues. When this 
meehanism is eompromised, ereetile dysfunction results. Drugs 
that are used to treat this disorder aid smooth muscle relaxation 
by augmenting the aetion of nitrie oxide. 
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Arteries of Female Pelvis 


Right paramedian seetion: 
lateral view 
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Arteries of Female Pelvis 


1. Siiperior gluteal artery 

2 . Obturator artery 

3. Llmbilieal artery (patent part) 

4 . Internal pudendal artery 

5. Inferior gluteal artery 

6. llterine artery 

7 . Inferior reetal artery 

8 . Superior vesieal arteries 

9 . llmbilieal artery (occluded part) 

10 . Internal iliae artery 

11. Right eommon iliae artery 

Comment: The internal iliae artery is the primary blood supply for 
the pelvie viseera and perineum. It divides into an anterior trunk 
(which largely supplies pelvie viseera and the perineum) and a 
posterior trunk. Branehes of the posterior trunk generally supply 
the pelvie walls or pass through the greater seiatie foramen into the 
gluteal region. The branehing pattern of the internal iliae artery varies 
greatly, so it is advisable to name the arteries aeeording to the 
structures that they supply. 

Veins draining the eorresponding structures are similarly identified 
and named. These veins drain into the internal iliae vein and into the 
eommon iliae vein on eaeh side. 


Clinical: Cancer eells originating in the pelvie viseera may 
spread (metastasize) via the venous system and will generally 
follow the venous drainage baek toward the eentral venous 
circulation. For most of the pelvie viseera this means via the 
inferior vena eava, although some spread to the adjaeent veins 
of the vertebral column is also eommon. 
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Arteries and Veins of Female Perineiim 
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Arteries and Veins of Female Perineiim 


1. Posterior labial artery 

2 . Perineal artery 

3 . Perineal artery 

4 . Internal pudendal artery in pudendal (Aleoek’s) eanal 

5 . Inferior reetal artery 

6 . Artery to bulb of vestibule 

7 . Dorsal artery of elitoris 

eomment: The internal pudendal artery is a braneh of the anterior 
division of the internal iliae artery. It courses to the perineum by 
passing through the lesser seiatie foramen and the pudendal 
(Aleoek’s) eanal. 

In the perineum, the internal pudendal artery gives off the inferior 
reetal artery and the perineal artery. Branehes of the perineal artery 
supply the bulb of the vestibule and elitoris. 

Venous branehes aeeompany all the branehes of the internal 
pudendal artery. Their names eorrespond to the names of the arterial 
branehes. 


dinieal: The rieh lymphatie network of the perineum drains 
largely to the superficial inguinal lymph nodes and then along the 
iliae nodes to the para-aortie (lumbar) nodes in the abdomen. 
infeetions and eaneer eells traveling in the lymphaties follow this 
same pathway. 
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Veins of Reetiim and Anal Canal 



Pelvis and Perineum 


5-15 





















Veins of Rectum and Anal Canal 


1. Common iliae veins 

2 . Median saeral vein 

3. External reetal plexus 

4 . Internal reetal plexus 

5. Inferior reetal vein 

6. Internal pudendal vein (in pudendal [Aleoek’s] eanal) 

7 . Internal pudendal vein 

8. Middle reetal vein 

9 . Superior vesieal and uterine veins 

10 . Internal iliae vein 

11 . External iliae vein 

12. Superior reetal vein (from inferior mesenterie vein) 

Comment: The veins draining blood from the rectum and anal 
eanal eomprise 3 sets of veins: inferior reetal veins from the internal 
pudendal vein (eaval system), middle reetal veins from the internal 
iliae vein (eaval system), and the superior reetal vein from the inferior 
mesenterie vein (portal system). These valveless veins provide an 
important portosystemie anastomosis around the rectum should the 
venous return by the portal or eaval system be impeded. Note the 
extensive anastomoses between the venous tributaries in the walls of 
the anal eanal and rectum. Oorresponding arteries aeeompany these 
veins. 


Clinical: Hemorrhoids are symptomatie varieose dilations of 
submucosal veins that protmde into the anal eanal or extend 
through the anus and affeet 50% to 80% of individuals (more 
eommon after pregnaney). Usually, they are deseribed as internal 
hemorrhoids (dilations of veins of internal reetal plexus), external 
hemorrhoids (dilations of veins of external reetal plexus), or 
mixed (eombination of both). 
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Arteries and Veins of Male Pelvis 


Left paramedian seetion: 
lateral view 
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Arteries and Veins of Male Pelvis 


1. Right obturator vessels 

2 . Superior vesieal artery 

3. llmbilieal artery (occluded part) 

4 . Superficial dorsal vein of penis 

5 . Pampiniform (venous) plexus 

6 . Inferior reetal artery 

7 . Internal pudendal artery 

8 . Inferior gluteal artery 

9 . Superior gluteal artery 

10 . Internal iliae vessels 

eomment: The internal iliae artery supplies the pelvie structures, 
perineum, and external genitalia. 

Within the spermatie eord, the pampiniform venous plexus surrounds 
the testicular artery and drains blood from the testes into the 
testicular vein. The pampiniform venous plexus aets as a 
countercurrent eooling meehanism that eools the arterial blood 
flovving in the testicular artery. Spermatogenesis occurs only if the 
temperature is lovver than body temperature; the testes reside in the 
scrotum and possess this countercurrent meehanism to maintain 
the appropriate ambient temperature. 


Clinical: A rieh venous plexus surrounds the base of the 
prostate gland. Cancer eells originating from the prostate may 
metastasize via these venous ehannels to the inferior vena eava 
and lungs, as vvell as spread to the rieh venous plexus of the 
pelvie bones, saemrn, and vertebral column. 
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Arteries and Veins of Male Perineiim 
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Arteries and Veins of Male Perineiim 


1. Inferior reetal artery 

2 . Intemal pudendal vessels and pudendal nerve (cut) in pudendal 
(Aleoek’s) eanal (opened up) 

3 . Intemal pudendal artery passes superior to perineal membrane 

4 . Perineal artery and vein 

5 . Posterior serotal arteries 

Comment: The intemal pudendal artery is a braneh of the anterior 
division of the intemal iliae artery. It enters the perineum by passing 
out of the gluteal region through the lesser seiatie foramen and 
coursing through the pudendal (Aleoek’s) eanal. 

The intemal pudendal artery gives rise to the inferior reetal artery and 
the perineal artery. Branehes of the perineal artery supply the bulb 
of the penis, the penis, and the scrotum. 

Venous tributaries aeeompany the branehes of the internal pudendal 
artery. The names of these veins eorrespond to the names of the 
arterial branehes. 


Clinical: The extravasation of urine from a rupture of the spongy 
urethra ean spread into the superficial pouch of the urogenital 
triangle, into the scrotum beneath the dartos faseia, around the 
penis between the dartos and deep penile (Buck’s) faseia, and 
into the lower abdominal wall beneath the membranous 
(Searpa’s) faseia. 
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Female Pelvie Contents: Snperior View 
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Female Pelvie Contents: Superior View 


1. Uterus (fundus) 

2 . Ovary 

3 . Uterine (fallopian) tube 

4 . Round ligament of uterus 

5 . Broad (lateral uterine) ligament 

6 . Sigmoid eolon 

7 . Suspensory ligament of ovary (eontains ovarian vessels) 

8 . Rectum 

9 . Recto-uterine pouch (cul-de-sac of Douglas) 

10 . Urinary bladder 

Comment: In women, the peritoneum passes from the anterior 
abdominal wall over the superior surface of the urinary bladder. It 
then passes from the bladder to the uterus, forming the vesieo- 
uterine pouch between these 2 structures. The peritoneum continues 
over the fundus and body of the uterus, posterior fornix, and wall of 
the vagina; it then refleets onto the anterior and lateral sides of the 
rectum. Between the rectum and uterus lies the recto-uterine pouch. 
Posteriorly and superiorly, the peritoneum beeomes the sigmoid 
mesoeolon. 

Within the suspensory ligament of the ovary lie the ovarian vessels, 
nerves, and lymphaties. 

The round ligament of the uterus passes anteriorly and laterally to 
the deep, or internal, inguinal ring. 


Clinical: The broad ligament of the uterus provides some 
support to the uterus and, along with the pelvie diaphragm 
and various ligaments, espeeially the eardinal and uterosacral 
ligaments, helps keep the uterus from prolapsing. 
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Transverse Seetion: Tip of 

Coccyx (Male) 
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Transverse Seetion: Tip of 
Coccyx (Male) 



1. Llrinary bladder (interior) 

2 . Spermatie eord 

3 . Prostate gland 

4 . Femur (head) 

5. Greater troehanter (femur) 

6. Seiatie nerve (right) 

7 . Gluteus maximus muscle 

8. Anal eanal (proximal) 

9. Coccyx (tip) 

10. Levator ani (puborectalis) muscle 

11. Internal pudendal artery and vein 

12 . Obturator artery, vein, and nerve 

13 . Iliopsoas muscle 

14 . Femoral vein, artery, and nerve 

Comment: At this level, one ean see both the prostate gland and 
the urethra as it is leaving the bladder (which lies superoanterior). 
The urethra is just entering the gland. Also, note 3 important 
neurovascular bundles, the internal pudendal vessels and pudendal 
nerve coursing to the perineum, the obturator neurovascular bundle, 
and the femoral neurovascular bundle. 


eiinieal: The posterior lobe (the lobe most eommonly enlarged) 
of the prostate gland ean be easily palpated digitally in a reetal 
examination. 
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Support Straetiires of 
Female Pelvie Viseera 
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Support Structures of 
Female Pelvie Viseera 


1. Obturator artery 

2 . Cervix of uterus and uterovaginal faseia 

3 . Llterine vessels 

4 . Oardinal (transverse, or Maekenrodt’s) ligament 

5. Llterosaeral fold (uterosacral ligaments lie in this fold) 

6 . External iliae vessels 

7 . Llreter 

8 . Recto-uterine pouch (of Douglas) 

9. Llrinary bladder (vesieal faseia partially removed) 

Comment: In addition to the pelvie diaphragm (levator ani and 
coccygeus muscles) and the broad ligament, several important 
subperitoneal ligaments aid in the support of the uterus, including 
the eardinal and uterosacral ligaments. The uterine vessels run vvithin 
the superior margin of the eardinal ligament, passing over the ureters 
(as shovvn on one side but biseeted on the other side to shovv the 
ureter). 


eiinieal: Llterine prolapse involves the loss of support by 
eardinal and uterosacral ligaments and the pelvie diaphragm 
(levator ani portion). When these important support structures are 
vveakened, the broad ligament alone is not sufficient to support 
the uterus or prevent its prolapse. 

The uterus may deseend slightly (eommon in parous vvomen) or 
may reaeh the vaginal orifiee or beyond (eomplete prolapse). 
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Female Perineiim 
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Female Perineiim 


1. Clitoris 

2 . Bulbospongiosus muscle 

3 . isehial tuberosity 

4 . Sacrotuberous ligament 

5. isehio-anal fossa 

6 . Perineal body 

7 . Superficial transverse perineal muscle 

8 . Greater vestibular (Bartholin’s) gland 

9. Bulb of vestibule 

10 . lschiocavernosus muscle 

Comment: The perineum is the region between the proximal 
portions of the thighs. This diamond-shaped area extends from the 
mons pubis anteriorly to the medial surfaces of the thighs laterally 
(isehial tuberosities) and to the coccyx posteriorly. 

A horizontal line joining the 2 isehial tuberosities divides the 
diamond-shaped perineum into an anterior urogenital triangle and 
a posterior anal triangle. 


eiinieal: The perineal body is a fibromuscular mass that marks 
the point of eonvergenee of the bulbospongiosus muscle, 
external anal sphineter, and transverse perineal muscles. It 
provides important support to the perineum and pelvie viseera. 
If the perineal body is torn (e.g., during ehildbirth) and is not 
properly repaired, its support function is eompromised and 
vaginal prolapse may result. 
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Male Pelvie Contents: Superior View 
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Male Pelvie Contents: Superior View 


1. Ductus deferens (in peritoneal fold) 

2 . Deep inguinal ring 

3 . Testicular vessels (in peritoneal fold) 

4 . Deseending eolon 

5 . llreter 

6 . Cecum 

7 . Reetovesieal pouch 

8 . Llrinary bladder 

9 . Rectum 

Comment: The male peritoneum passes from the anterior 
abdominal wall over the superior surface of the urinary bladder and 
inferiorly on the posterior surface of the bladder. It also passes over 
the superior ends of the seminal vesieles, and it posteriorly lines the 
reetovesieal pouch, the spaee between the rectum and urinary 
bladder. It then refleets onto the superior part of the rectum. 
Posteriorly and superiorly, it beeomes the sigmoid mesoeolon. 

The testicular vessels and lymphaties lie in a retroperitoneal position 
and course to and from the deep inguinal ring. At the ring, notiee the 
retroperitoneal pathway of the ductus deferens as it courses toward 
the seminal vesiele. 


Clinical: Note the retroperitoneal course of the ureters as they 
pass to the urinary bladder. They course beneath the testicular 
vessels but over the iliae vessels. They then pass deep to the 
ductus deferens as they approaeh the bladder. Surgeons 
operating in the pelvie eavity must be aware of the 
retroperitoneal course of the ureters because they ean be easily 
damaged, leading to the extravasation of urine into adjaeent 
retroperitoneal and intraperitoneal spaees. 
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Male Perineiim and Penis 
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Male Perineiim and Penis 


1. Glans penis 

2 . Deep (Buck’s) faseia of penis 

3. lschiocavernosus muscle (cut away) 

4 . Superficial transverse perineal muscle 

5 . Perineal body 

6 . External anal sphineter muscle 

7 . Levator ani muscle and inferior faseia of pelvie diaphragm 
roofing isehio-anal fossa 

8 . Gluteus maximus muscle 

9 . Anus 

eomment: The male perineum includes the anal eanal, the 
membranous and spongy parts of the urethra, the root of the 
penis, and the scrotum (not shown). The root, or attaehed part of 
the penis, eonsists of 2 crura and a bulb, which lies eentrally, and 
the ischiocavernosus and bulbospongiosus muscles, which eover 
those ereetile bodies. The crura are attaehed to the internal surface 
of the isehial ramus. 

After deseending from the bladder and passing through the prostate, 
the urethra enters the proximal portion of the bulb of the penis. 

It passes through the corpus spongiosum as the spongy urethra. 

The levator ani muscle, a portion of the pelvie diaphragm, is visible in 
the anal triangle. 


eiinieal: Male circumcision, performed for religious and/or 
hygienie reasons, involves the removal of the prepuce or foreskin 
of the penis, leaving the glans exposed. 
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Testis, Epid dymis, 
and Ductus Deferens 
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Testis, Epididymis, 
and Ductus Deferens 


1. Ductus deferens 

2 . Epididymis (head, body, tail) 

3 . Lobules 

4 . Tunica albuginea 

5 . Septa 

6 . Area of rete testis (mediastinum testis) 

7 . Efferent ductules 

Comment: The testes are paired gonads that are about the size 
of a chestnut. Eaeh testis is eneased in a thiek capsule ealled the 
tunica albuginea (white tunic). Lobules of seminiferous tubules are 
lined with the germinal epithelium that gives rise to spermatozoa. The 
spermatozoa drain into the rete testes (straight tubules) and via the 
efferent ductules into the epididymis, where maturation continues 
until they are ready to be seereted. The ductus (vas) deferens 
eonveys the sperm to the seminal vesieles, where they join the 
seminal vesiele ducts to form the ejaculatory ducts, which empty into 
the prostatie urethra. 


Clinical: Testicular tumors are heterogenous neoplasms, 95% 
of which arise from germ eells and almost all of which are 
malignant. This type of eaneer is most eommon in males from 
the age of puberty until the mid or late 30s. 
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Upper Limb 

Cards 6-1 to 6-66 


Bones and Joints 

Humerus and Scapula: Anterior View 
Humerus and Scapula: Posterior View 
Shoulder (Glenohumeral) Joint: Anterior View 
Shoulder (Glenohumeral) Joint: Lateral View 
Bones of Elbow: In Extension 
Bones of Elbow: In 90° Flexion 
Ligaments of Elbow 
Bones of Forearm 
Bones of Wrist and Hand 
Ligaments of Wrist: Palmar View 
Ligaments of Wrist: Posterior View 
Metaearpophalangeal and Interphalangeal 
Ligaments: Medial Views 
Metaearpophalangeal and Interphalangeal 
Ligaments: Anterior View 

Muscles 

Trapezius 
Latissimus Dorsi 
Levator Scapulae 
Deltoid 

Supraspinatus and lnfraspinatus 
Teres Minor and Teres Major 


Netter’s Anatomy Flash Cards 




Upper Limb 

Cards 6-1 to 6-66 

6-20 Subscapularis 
6-21 Peetoralis Major 
6-22 Bieeps Braehii 
6-23 Coracobrachialis 
6-24 Braehialis 

6-25 Trieeps Braehii and Anconeus 
6-26 Arm: Serial Cross Seetion 
6-27 Pronator Teres and Pronator Quadratus 
6-28 Flexor Carpi Radialis 
6-29 Palmaris Longus 

6-30 Flexor Carpi Lllnaris 
6-31 Flexor Digitomm Superficialis 

6-32 Flexor Digitomm Profundus 

6-33 Flexor Pollieis Longus 
6-34 Supinator 

6-35 Braehioradialis 
6-36 Extensor Carpi Radialis Longus 

6-37 Extensor Carpi Radialis Brevis 

6-38 Extensor Digitomm 
6-39 Extensor Digiti Minimi 

6-40 Extensor Carpi Lllnaris 

6-41 Abductor Pollieis Longus 

6-42 Extensor Pollieis Brevis 

6-43 Extensor Pollieis Longus 

6-44 Extensor Indieis 
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6-45 

6-46 

6-47 

6-48 

6-49 

6-50 

6-51 

6-52 

6-53 

6-54 

6-55 

6-56 


Upper Limb 

Cards 6-1 to 6-66 


Muscles in Cross Seetion of Forearm 

Abductor Pollieis Brevis 

Flexor Pollieis Brevis 

Opponens Pollieis 

Adductor Pollieis 

Abductor Digiti Minimi 

Flexor Digiti Minimi Brevis 

Opponens Digiti Minimi 

Lumbricals 

Dorsal lnterosseous 

Palmar lnterosseous 

Cross Seetion of Palm 


Nerves 

6-57 Braehial Plexus: Sehema 

6-58 Radial Nerve in Arm and Nerves of Posterior 

Shoulder 

6-59 Nerves of llpper Limb 
6-60 Nerves of Hand 
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(Jpper Limb 

Cards 6-1 to 6-66 


6-61 

6-62 

6-63 

6-64 

6-65 

6-66 


Vessels 

Cutaneous Nerves and Superficial 
Shoulder and Arm 
Cutaneous Nerves and Superficial 
Forearm 

Arteries Around Scapula 
Braehial Artery and Anastomoses 
Arteries of Hand: Palmar View 
Summary of Upper Limb Arteries 



Veins of 


Veins of 


Upper Limb 
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Hiimeras and Seapiila: Anterior View 





Upper Limb 

























Hiimeriis and Seapiila: Anterior View 


1. Aeromion 

2 . Greater tubercle 

3. Lesser tubercle 

4 . Intertubercular sulcus 

5. Epieondyles (Medial; Lateral) 

6. Capitulum 

7 . Ooronoid fossa 

8. Glenoid eavity of scapula 

9 . Inferior angle 

10 . Subscapular fossa 

11. Coracoid proeess 

eomment: The elaviele and scapula form the peetoral girdle, or 
shoulder, which eonneets the upper extremity to the trunk. The 
elaviele serves as a strut, keeping the upper limb away from the 
trunk and free for movement. It is vulnerable to fracture. 

The scapula, or shoulder blade, articulates with the elaviele and the 
head of the humerus (glenohumeral joint). Sixteen different muscles 
attaeh to the scapula. Fractures of the scapula are uncommon. 

The humerus is a long bone. Its proximal end forms part of the 
shoulder joint, and its distal end contributes to the elbow joint. 

The surgical neek of the humerus (the region just below the lesser 
tubercle) is a eommon fracture site. Fractures at this site may injure 
the axillary nerve of the braehial plexus. 


Clinical: Fractures of the elaviele are eommon, espeeially in 
ehildren. The fracture usually results from a fall on an 
outstretched hand or from direet trauma and eommonly occurs in 
the middle third of the elaviele. 
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Atlas Plate 405 
See also Plate 183 






Hiimeras and Seapiila: Posterior View 
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Hiimeriis and Seapiila: Posterior View 


1. eiaviele (cut) 

2 . Suprascapular noteh 

3. Superior angle 

4 . Supraspinous fossa 

5. Spine 

6. lnfraspinous fossa 

7 . Medial epieondyle 

8 . Troehlea 

9 . Oleeranon fossa 

10 . Deltoid tuberosity 

11 . Head of humerus 

Comment: Posteriorly, the scapula displays a prominent spine that 
separates the supraspinous and infraspinous fossae. 

The elaviele is the Ist bone to ossify but the last bone to fuse and 
is formed by intramembranous ossifieation. It is one of the most 
eommonly fractured bones. 

Midshaft on the humerus is the deltoid tuberosity, the insertion point 
for the deltoid muscle. 

Distally, the depression above the troehlea is ealled the oleeranon 
fossa, which aeeommodates the oleeranon of the ulna when the 
elbow is extended fully. 


Clinical: Fractures of the scapula are relatively uncommon. 
Fractures of the surgical neek of the humerus are eommon and 
may injure the axillary nerve from the braehial plexus. A midshaft 
fracture of the humerus may injure the radial nerve. 
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Atlas Plate 406 
See also Plate 183 







Shoiilder (Glenohiimeral) Joínt: 

Anterior View 


Anterior view 
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Shoulder (Glenohiimeral) Joint: 
Anterior Víew 



1. Acromioclavicular joint capsule (ineorporating acromioclavicular 
ligament) 

2 . Coraco-acromial ligament 

3 . Supraspinatus tendon (cut) 

4 . Subscapularis tendon (cut) 

5 . Bieeps braehii tendon (long head) 

6 . Capsular ligaments 

7 . Superior transverse scapular ligament and suprascapular noteh 

8 . Coracoclavicular ligament (Trapezoid ligament; Conoid ligament) 

Comment: The shoulder is a multiaxial synovial ball-and-soeket 
(spheroidal) joint. Movements include abduction and adduction, 
flexion and extension, and rotation and circumduction. The shallovv 
glenoid eavity of the scapula permits extensive movement at the 
shoulder but also makes this joint vulnerable to disloeation. The 4 
tendons of the rotator cuff muscles help stabilize the joint. 

Also shovvn is the acromioclavicular joint, a synovial plane joint 
betvveen the aeromion and elaviele. This joint permits gliding 
movement as the arm is raised and the scapula rotates. 


eiinieal: Because of the vvide range of motion at the shoulder 
and its rather shallovv glenoid eavity, this joint is the most 
disloeated joint in the body. This glenohumeral joint usually 
disloeates in an anterior direetion (subcoracoid disloeation) and 
ean plaee the axillary and musculocutaneous nerves of the 
braehial plexus at risk for injury. 
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Shoiilder (Glenohiimeral) Joint: 

Lateral View 


Joint opened: lateral view 
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Shoiilder (Glenohiimeral) Joint: 
Lateral View 


1. Subdeltoid bursa 

2 . Glenoid eavity (eartilage) 

3 . Inferior glenohumeral ligament 

4 . Middle glenohumeral ligament 

5 . Bieeps braehii tendon (long head) 

6 . Coracohumeral ligament 

7 . Coraco-acromial ligament 

Comment: The glenoid eavity is deepened by the presenee of the 
glenoid labmrn (lip). The joint is stabilized by a capsule, ligaments, 
and the 4 tendons of the rotator cuff muscles. The 4 tendons of the 
rotator cuff muscles reinforee the joint posteriorly, superiorly, and 
midanteriorly (subscapularis tendon). Most shoulder disloeations 
occur anteriorly, where there is less support. 

Blood is supplied to the shoulder by branehes of the suprascapular, 
humeral circumflex, and scapular circumflex arteries. 



Clinical: Bursae are synovial-lined, fluid-filled enelosed cushions 
that proteet tendons and ligaments from injury related to frietional 
movement over adjaeent bony projeetions or other rough 
surfaces. They may beeome infeeted, fill with fluid, and beeome 
quite painful. 
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Bones of Elbow: In Extension 

Right elbow 

M MÉ 

E - Hiimems 



In extension: posterior view 




Upper Limb 























Bones of Elbow: In Extension 


1. Capitulum 

2 . Head 

3 . Tuberosity 

4 . Tuberosity 

5 . Neek 

6 . Head 

7 . Oleeranon 

8 . Lateral epieondyle 

9 . Oleeranon fossa 

Comment: The elbow bones include the humerus and the 2 bones 
of the forearm: the radius and ulna. The ulna lies more medially in 
the forearm and is the longer of the 2 bones. The point of the elbow 
that ean be easily felt is the oleeranon, loeated posteriorly and 
proximally on the ulna. 


Clinical: Disloeations of the elbow joint are 3rd in frequency 
after shoulder and finger disloeations and usually result from a 
fall on an outstretched hand. Posterior disloeations are the most 
eommon type. 
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Bones of Elbow: In 90° Flexion 



ln 90° flexion: lateral view 


2 




In 90° flexion: medial view 
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Bones of Elbow: In 90° Flexion 


1. Ulna (Radial noteh; Coronoid proeess; Troehlear noteh; 
Oleeranon) 

2 . Radius 

3 . Troehlear noteh 

4 . Tuberosity 

5 . Humerus 

Comment: The bones of the elbow include the humerus and the 
2 bones of the forearm: the radius and ulna. The ulna lies more 
medially in the forearm and is the longer of the 2 bones. The point of 
the elbow that ean be easily felt is the oleeranon, loeated posteriorly 
and proximally on the ulna. 


Clinical: Disloeations of the elbow may be aeeompanied by 
fractures of the humeral epieondyle, oleeranon (ulna), radial head, 
or eoronoid proeess of the ulna. The median nerve or ulnar 
nerves of the braehial plexus, or both, may be injured in elbow 
disloeations or fractures. 

Fractures of the proximal radius usually involve the head or neek 
of the radius. 

Ulnar fractures often occur from a direet blow to or foreed 
pronation of the forearm and involve the ulnar shaft. 
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Ligaments of Elbow 




Ulna 


Humerus 


Radius 


In 90° flexion: 
lateral view 


In 90° flexion: 
medial view 


Radius 



Radius 


Opened joint: 
anterior view 



Opened joint: 
posterior view 
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Ligaments of Elbow 


1. Joint eapsiile 

2 . Radial eollateral ligament 

3 . Synovial membrane 

4 . Articular eartilage 

5 . Bieeps braehii tendon 

6 . Anular ligament of radius 

7 . lllnar eollateral ligament 

8 . Trieeps braehii tendon 

Comment: The elbow joint forms a uniaxial synovial hinge 
(ginglymus) joint that includes the humeroradial joint (between 
the capitulum of the humerus and the head of the radius) and the 
humero-ulnar joint (between the troehlea of the humerus and the 
troehlear noteh of the ulna). The joint also includes a proximal 
uniaxial radio-ulnar synovial (pivot) joint that partieipates in supination 
and pronation (rotation). Movements about the elbow include flexion 
and extension. 

The joint is stabilized by the laterally plaeed radial eollateral ligament 
and medially plaeed triangular ulnar eollateral ligament. The anular 
ligament holds the head of the radius in plaee. 

Blood is supplied to the elbow by branehes of the braehial artery and 
recurrent eollateral branehes of the radial and ulnar arteries. 


eiinieal: A strong pull on the forearm, espeeially in ehildren, ean 
pull the head of the radius out of the anular ligament, resulting in 
a disloeation of the proximal radio-ulnar joint. 
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Bones of Forearm 


Right radius and ulna Right radius and ulna in 

in supination: anterior view pronation: anterior view 
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Bones of Forearm 


1. Head 

2 . Neek 

3 . Radial tuberosity 

4 . lnterosseous membrane 

5 . Styloid proeess of ulna 

6 . Ulnar tuberosity 

7 . Troehlear noteh 

8 . Oleeranon 

9 . Dorsal (Lister’s) tubercle 

10 . Styloid proeess 

Comment: The bones of the forearm include the medially plaeed 
and longer ulna and the laterally plaeed radius. 

Along the length of the forearm, the radius and ulna are eonneeted 
by the interosseous membrane, which contributes to the radio-ulnar 
joint, a fibrous (syndesmosis) joint. The interosseous membrane 
divides the forearm into anterior and posterior muscular 
eompartments. 

Distally, the radius and the ulna display styloid proeesses. 


eiinieal: A Colles’ fracture is a fracture of the distal radius, 
eommonly occurring from a fall on an outstretched hand. In such 
fractures, the distal fragment of the radius is foreed proximally 
and dorsally, resulting in a “dinner fork” deformity. 
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Bones of Wrist and Hand 



Right hand: 

anterior (palmar) view 


Right hand: 

posterior (dorsal) view 



Upper Limb 


6-9 






















Bones of Wrist and Hand 


1. Seaphoid and Tubercle 

2 . Trapezium and Tubercle 

3. Trapezoid 

4 . Metaearpal bones 

5. Proximal phalanges 

6. Middle phalanges 

7 . Distal phalanges 

8 . Oapitate 

9 . Lunate 

10. Hamate and Hook 

11 . Pisiform 

12 . Triquetrum 

Comment: Bones of the wrist and hand include the 8 earpal bones; 
5 metaearpal bones (1 for eaeh digit); and, for digits 2 through 5, 
proximal, middle, and distal phalanges. The Ist digit, or thumb, has 
only a proximal phalanx and a distal phalanx. 

The seaphoid, lunate, and triquetrum articulate with the distal radius 
to form the radioearpal wrist joint. 


eiinieal: The seaphoid is the most eommonly fractured earpal. 
The seaphoid lies just below the “anatomieal snuffbox” (dorsal 
region at the base of the thumb), so pain and swelling are 
eommon over this area. The 5th metaearpal is the most 
eommonly fractured metaearpal, and the distal phalanx of the 
middle finger is the most eommonly fractured digit of the hand. 


Upper Limb 


Atlas Plate 443 







Ligaments of Wrist: Palmar View 



Upper Limb 
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Ligaments of Wrist: Palmar View 


1 . 

Long radiolunate ligament 

7 . 

Ulnolunate ligament 

2 . 

Radioseaphoeapitate 

8 . 

Ulnocapitate ligament 


ligament 

9 . 

Ulnotriquetral ligament 

3 . 

Short radiolunate ligament 

10 . 

Pisiform 

4 . 

Lunate 

11 . 

Triquetrocapitate ligament 

5 . 

Seaphoeapitate ligament 

12 . 

Oapitate 

6 . 

Trapezium 




Comment: The wrist, or radioearpal joint, is an ellipsoid biaxial 
synovial joint formed by the distal end of the radius (an articular dise) 
and the seaphoid, lunate, and triquetrum earpal bones. This joint is 
reinforeed by radial and ulnar eollateral ligaments and by dorsal and 
palmar (volar) radioearpal ligaments. The joint permits flexion, 
extension, abduction, adduction, and circumduction. 

Anatomists often simply lump these ligaments into a palmar 
radioearpal ligament (long and short radiolunate and 
radioseaphoeapitate ligaments [1-3 in the list abovej), a palmar 
ulnocarpal ligament (ulnolunate, ulnocapitate, and ulnotriquetral 
ligaments), and various interearpal and metaearpal ligaments. 

The earpometaearpal joint of the thumb is a biaxial saddle (sellar) 
joint (with trapezium). It provides flexion and extension, abduction 
and adduction, and circumduction. The other 4 earpometaearpal 
joints are plane synovial joints that permit gliding movements. 


Clinical: Hand surgeons elassify these ligaments more preeisely 
based on their attaehments. 
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Ligaments of Wrist: Posterior View 
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Ligaments of Wrist: Posterior View 


1 . 

lllna 

7 . 

Trapeziotrapezoid ligament 

2 . 

Dorsal radio-ulnar ligament 

8 . 

Trapezium 

3 . 

Triquetrum 

9 . 

Seaphoid 

4 . 

Hamate 

10 . 

Scapholunate ligament 

5 . 

Oapitate 

11 . 

Dorsal radioearpal ligament 

6 . 

Trapezoid 

12 . 

Radius 


Comment: Proximal to the wrist lies the distal radio-ulnar joint, 
which is a uniaxial synovial pivot (troehoid) joint between the ulna 
and the ulnar noteh of the radius. It allows for pronation and 
supination (rotation). 

The wrist, or radioearpal joint, is an ellipsoidal biaxial synovial joint 
formed by the distal end of the radius (an articular dise) and the 
seaphoid, lunate, and triquetrum earpal bones. Movements at the 
wrist include flexion, extension, abduction, adduction, and 
circumduction. 

Anatomists often simplify this arrangement, designating these 
ligaments as a dorsal radioearpal ligament, dorsal earpometaearpal 
ligaments, and interearpal ligaments. 

Between the proximal and distal rows of earpal bones lies the 
midearpal (interearpal) joints, synovial plane joints. These joints 
permit some gliding and sliding movements. 


eiinieal: Hand surgeons elassify these ligaments more preeisely 
based on their attaehments. 
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Metaearpophalangeal and 
Interphalangeal Ligaments: Medial Views 


ln extension: 
medial view 


5 



1 



In flexion: 
medial view 
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Metaearpophalangeal and 
Interphalangeal Ligaments: Medial Vievvs 



1. Palmar ligament (plate) 

2 . Collateral ligament 

3 . Distal interphalangeal joint 

4 . Proximal interphalangeal joint 

5 . Metaearpophalangeal joint 

6 . Joint capsule 

Comment: The metaearpophalangeal joints are biaxial eondyloid 
synovial joints that partieipate in flexion and extension, abduction 
and adduction, and circumduction. The capsule is supported by the 
eollateral and palmar (volar) ligaments. The eollateral ligaments are 
tight in flexion and loose in extension. 

The interphalangeal joints (proximal interphalangeal and distal 
interphalangeal) are uniaxial synovial hinge joints that partieipate in 
flexion and extension. Ligaments similar to the metaearpophalangeal 
joints reinforee these joints. The palmar ligaments prevent 
hyperextension. 


Clinical: Dorsal disloeation of the proximal interphalangeal 
joint is fairly eommon. Palmar and rotational disloeations are 
uncommon but ean occur. Distal disloeations or fractures of the 
distal interphalangeal joint may occur from a direet blow to the 
fingertip (mallet finger), as from a baseball or volleyball, often 
resulting in extensor tendon damage. 
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Metaearpophalangeal and 
Interphalangeal Ligaments: Anterior View 
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Metaearpophalangeal and 
Interphalangeal Ligaments: Anterior View 



1. Joint capsule 

2 . Flexor digitomm superficialis tendons (cut) 

3 . Flexor digitomm profundus tendons 

4 . Palmar ligaments (plates) 

5 . Deep transverse metaearpal ligaments 

6 . Palmar metaearpal ligaments 

7 . Palmar earpometaearpal ligaments 

Comment: The metaearpophalangeal joints are biaxial eondyloid 
synovial joints that partieipate in flexion and extension, abduction 
and adduction, and circumduction. These joints are reinforeed by the 
palmar (volar) ligaments and 2 eollateral ligaments on either side. 

The interphalangeal joints for digits 2 through 5 include a proximal 
interphalangeal joint and a distal interphalangeal joint. These joints 
are uniaxial synovial hinge joints that are reinforeed by palmar 
ligaments and 2 eollateral ligaments. They permit flexion and 
extension. The palmar ligaments prevent hyperextension. 


eiinieal: Fractures of the metaearpals ean occur from direet 
blows (boxer fractures). They may not only dismpt the bones and 
ligaments but may also affeet the pull of the muscle tendons that 
attaeh to the metaearpals. These fractures need to be carefully 
set so that optimal finger function ean be aehieved after the 
injury heals and the patient undergoes physieal therapy. 
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Shoiilder Miiseles 



Posterior view 
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Shoiilder Muscles 


1. Trapezius muscle 

Origin (proximal): Extemal oeeipital protuberance and medial third 
of the superior nuchal line of the oeeipital bone, ligamentum nuchae, 
and spinous proeesses of the 7th eervieal vertebra and all 12 
thoraeie vertebrae. 

Insertion (distal): Superior fibers insert into the posterior border of 
the lateral third of the elaviele. Middle fibers insert into the medial 
margin of the aeromion and posterior border of the scapular spine. 
Inferior fibers eonverge to end in an aponeurosis inserted into the 
scapular spine. 

Aetion: The upper and lower fibers aet primarily to rotate the 
scapula for full abduction of the upper extremity. The upper fibers, 
aeting alone, elevate the shoulder and braee the shoulder girdle 
when a weight is being earried by the shoulder or hand. Oentral 
fibers run horizontally and retraet the shoulder. Lower fibers draw the 
scapula downward. When both muscles aet together, the scapula 
ean be adducted and the head drawn direetly backward. 

Innervation: Motor supply is from the aeeessory nerve (CN XI). 
Proprioeeptive fibers are from the 3rd and 4th eervieal nerves. 

Comment: The trapezius, in eontrast to the other shoulder muscles, 
does not reeeive nerve fibers from the braehial plexus. 


Clinical: The trapezius ean be tested by having a patient elevate 
the shoulder against resistanee (the upper portion of the 
eontraeting muscle ean be felt). This tests the integrity of the 
aeeessory nerve (CN XI) innervating this muscle. 
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Shoiilder Miiseles 




Upper Limb 


6-15 








Shoiilder Muscles 


1. Latissimus dorsi muscle 

Origin (proximal): Arises from a broad aponeurosis of the posterior 
layer of the thoracolumbar faseia, the spinous proeesses of the lower 
6 thoraeie vertebrae, and fleshy digitations of the caudal most 3 or 4 
ribs. The muscle also may attaeh to the iliae erest. 

Insertion (distal): The fibers eonverge as the muscle curves around 
the lower border of the teres major and twists on itself. They end as 
a tendon that inserts into the intertubercular groove of the humerus. 

Aetion: Extends, adducts, and medially rotates the humerus (arm). 

Innervation: Thoraeodorsal nerve (C6-8). 

Comment: With the upper extremity fixed, the latissimus dorsi 
elevates the trunk when the arms are stretehed above the head, as 
when reaehing up while elimbing. 

The origin of the muscle from the thoraeie vertebrae and lower ribs 
may vary. 

The blood supply is by the thoraeodorsal artery, a braneh of the 
subscapular artery (which arises from the axillary artery). 


Clinical: The latissimus dorsi is tested elinieally by having the 
patient raise the arm horizontal to the body with the elbow 
flexed, as if signaling someone to “stop.” Then the patient is 
asked to adduct the arm against resistanee to test the muscle’s 
strength and the integrity of the thoraeodorsal nerve. The muscle 
ean also be felt to eontraet over the patient’s baek when the 
patient is asked to cough. 
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Shoiilder Muscles 



Posterior view 
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Shoiilder Muscles 


1. Levator scapulae muscle 

Origin (proximal): Arises from the transverse proeesses of the first 
4 eervieal vertebrae. 

Insertion (distal): Inserts into the superior portion of the medial 
(vertebral) border of the scapula. 

Aetion: Elevates the superior angle of the scapula and tends to 
draw it medially. Also rotates the scapula so that the glenoid eavity 
is tilted inferiorly. VVhen the scapula is held in a fixed position, the 
levator scapulae bends the neek laterally and rotates it slightly 
toward the same side. 

Innervation: By the 3rd and 4th eervieal nerves from the eervieal 
plexus and by a braneh from the dorsal scapular nerve (C5) to the 
muscle’s lower fibers. 

Comment: Contraction of the levator scapulae helps shrug the 
shoulders. The blood supply to the muscle eomes largely from 
the transverse eervieal artery of the thyroeervieal trunk. 


Clinical: One ean easily test this muscle by asking the patient to 
shrug his or her shoulders against resistanee. VVeakness in this 
aetion would require a more speeifie examination to determine to 
what degree the trapezius may also be affeeted or eompensating, 
sinee both muscles elevate the scapula. 
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Shoiilder Muscles 



Posterior view 
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Shoiilder Muscles 


1. Deltoid muscle 

Origin (proximal): Arises from the lateral third of the elaviele, the 
superior surface of the aeromion, and the spine of the scapula. 

Insertion (distal): The fibers eonverge in a thiek tendon that is 
attaehed to the deltoid tuberosity on the lateral aspeet of the shaft of 
the humerus. 

Aetion: The prineipal function is abduction of the arm at the 
shoulder in a movement initiated together with the supraspinatus 
muscle. The clavicular portion of the muscle rotates the arm medially 
and helps the peetoralis major flex the arm at the shoulder. The 
spinous portion rotates the arm laterally and helps the latissimus 
dorsi extend the arm at the shoulder. 

Innervation: Axillary nerve (C5 and C6). 

Comment: The deltoid is a thiek, triangular muscle with eoarse 
fibers. It eovers the shoulder joint anteriorly, posteriorly, and laterally. 
The multipennate eentral portion of the muscle is most aetive in 
abduction. 

The blood supply is largely via the thoraeo-aeromial artery and also 
via the anterior and posterior humeral circumflex arteries, which arise 
from the axillary artery. 


Clinical: To test the deltoid muscle strength and the integrity of 
the axillary nerve, have the patient abduct the upper limb against 
resistanee (the middle fibers of the muscle should be seen to 
eontraet). The posterior fibers ean be seen to eontraet if the 
patient tries to retraet the abducted upper limb against 
resistanee. 
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Shoiilder Muscles 



Posterior view 
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Shoiilder Muscles 


1. Supraspinatus muscle 

2 . Infraspinatus muscle 

Origin (proximal): The supraspinatus muscle occupies the 
supraspinous fossa, originating from the medial two-thirds and 
arising from the strong supraspinatus faseia. The infraspinatus 
muscle occupies most of the infraspinous fossa; it arises from the 
medial two-thirds and from the infraspinatus faseia. 

Insertion (distal): Fibers of the supraspinatus eonverge to form a 
tendon that inserts into the superior faeet on the greater tubercle 
of the humerus. The infraspinatus fibers also eonverge to form a 
tendon, which inserts into the middle faeet on the greater tubercle of 
the humerus. The tendons of the 2 muscles adhere to eaeh other. 

Aetion: The supraspinatus strengthens the shoulder joint by drawing 
the humerus toward the glenoid fossa. With help from the deltoid, 
it initiates abduction at the shoulder and is a lateral rotator of the 
humerus (arm). The infraspinatus strengthens the shoulder joint by 
braeing the head of the humerus in the glenoid fossa. It is also a 
lateral rotator of the humerus. 

Innervation: Both by the suprascapular nerve (C5 and C6). 


Clinical: Repeated abduction and flexion of the shoulder (as in 
the throwing motion) may cause wear and tear on the tendons 
as they rub on the aeromion and eoraeo-aeromial ligament. This 
aetion ean lead to rotator cuff tears or ruptures. The tendon of 
the supraspinatus is the most vulnerable to injury. 
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Shoiilder Muscles 



Posterior view 
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Shoiilder Muscles 


1. Teres minor muscle 

2 . Teres major muscle 

Origin (proximal): The teres minor originates from the lateral border 
of the scapula. The teres major arises from the dorsal surface of the 
inferior angle of the scapula. 

Insertion (distal): The teres minor inserts into the inferior faeet on 
the greater tubercle of the humerus. The teres major inserts into the 
medial lip of the intertubercular groove of the humerus. 

Aetion: The teres minor rotates the arm laterally and weakly adducts 
the arm at the shoulder. Similar to the other 3 rotator cuff muscles, 
it draws the humerus toward the glenoid fossa, strengthening the 
shoulder joint. The teres major helps extend the arm from the flexed 
position, and it adducts and medially rotates the arm at the shoulder. 

■nnervation: The teres minor is supplied by the axillary nerve 
(C5 and C6), whereas the teres major is innervated by the lower 
subscapular nerve (C6 and C7). 

eomment: The teres minor is 1 of the 4 rotator cuff muscles, and 
it helps stabilize the shoulder joint. Often, it is inseparable from the 
infraspinatus muscle. 


Clinical: The teres major is tested elinieally by having the 
patient adduct the horizontally elevated arm against resistanee 
while viewing the eontraetion of the muscle as it passes from the 
scapula to the humerus. The integrity of the subscapular nerve is 
also tested by this aetion. 
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Scapulohumeral Disseetion 


Anterior view 
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Scapulohumeral Disseetion 


1. Subscapularis muscle 

Origin (proximal): Arises from the medial two-thirds of the 
subscapular fossa and from the lower two-thirds of the lateral border 
of the scapula. 

Insertion (distal): The fibers eonverge in a tendon that is inserted 
into the lesser tubercle of the humerus and the anterior portion of the 
shoulder joint capsule. 

Aetion: As a rotator cuff muscle, the subscapularis helps stabilize 
the shoulder joint and prevents anterior displaeement of the 
humerus. It also medially rotates and adducts the humerus (arm) at 
the shoulder. 

Innervation: Upper and lower subscapular nerves (C5 and C6). 

Comment: The tendon of the muscle is separated from the neek of 
the scapula by the subscapular bursa. 

Along with the supraspinatus, infraspinatus, and teres minor muscles, 
the subscapularis is the 4th muscle of the rotator cuff group. 

The subscapularis and serratus anterior muscles together form 
a functional (physiologieal) articulation of the shoulder ealled the 
scapulothoracic joint. The joint is between the muscles, the scapula, 
and the loose eonneetive tissue trapped between these 2 muscles, 
which permits a gliding movement of the scapula on the ehest wall. 
Scapular movements at this joint include elevation, depression, 
protraetion, retraetion, and rotation. 

The blood supply to the muscle is by the subscapular artery, 
a braneh of the axillary artery. 


Clinical: Weakness of the serratus anterior leads to “winging” of 
the scapula. 
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Shoiilder Muscles 



Anterior view 
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Shoiilder Muscles 


1. Peetoralis major muscle 

Origin (proximal): Arises from the sternal half of the elaviele, the 
upper half of the sternum, and the aponeurosis of the external 
abdominal oblique muscle. 

Insertion (distal): The fibers eonverge toward the anterior wall 
of the axilla. All 3 parts of the muscle (clavicular, sternal, and 
abdominal) end as a flat tendon inserted into the intertubercular 
groove of the humerus. 

Aetion: The primary aetion is adduction of the arm at the shoulder. 
The peetoralis major is also a medial rotator of the humerus, and its 
clavicular portion helps flex the shoulder and adduct the humerus 
medially aeross the midline. The sternoeostal portion, along with the 
latissimus dorsi and teres major muscles, ean extend—against 
resistanee—the flexed humerus to the side of the trunk. 

Innervation: Medial and lateral peetoral nerves (C5-8 and T1). 

eomment: The eonverging fibers of this fan-shaped muscle course 
toward the insertion on the humerus, forming the anterior boundary 
of the axilla. 

The thoraeo-aeromial and lateral thoraeie arteries supply the 
peetoralis major. 


Clinical: The peetoralis major (sternoeostal portion) is tested 
elinieally by having the patient adduct (move toward the body) 
the arm from a position of 45° lateral to the body wall with the 
elbow flexed. One ean plaee a hand on the elbow and provide 
resistanee against this adduction to test the muscle’s strength 
and the integrity of the peetoral nerves. 
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Miiseles of Arm: Anterior View 


Superficial layer 
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Miiseles of Arm: Anterior View 


1. Bieeps braehii muscle 

Origin (proximal): The short head arises from the apex of the 
eoraeoid proeess of the scapula. The long head arises from the 
supraglenoid tubercle of the scapula. 

Insertion (distal): Both muscle bellies join to form a flattened 
tendon that is inserted into the radial tuberosity. Opposite the elbow, 
the tendon gives off a broad aponeurosis from its medial side. This 
bieipital aponeurosis deseends medially to fuse with the deep faseia 
of the forearm. 

Aetion: With the forearm partially flexed, the bieeps braehii is a 
powerful supinator of the forearm. It also is an important flexor of the 
supinated forearm. It assists other muscles, although weakly, as a 
flexor of the arm at the shoulder. 

Innervation: Musculocutaneous nerve (C5 and C6). 

Comment: As its name implies, the bieeps is a fusiform muscle that 
has 2 heads. Its insertion by the bieipital aponeurosis allows it to flex 
the elbow. 

The braehial artery supplies blood to this muscle. 


Clinical: Tapping the bieeps tendon elieits the bieeps tendon 
reflex, testing spinal eord segments C5 and C6. The bieeps is 
tested elinieally by having a patient flex the supinated forearm 
against resistanee and watching for the distinet eontraetion of the 
bieeps in the anterior arm. This aetion also tests the integrity of 
the musculocutaneous nerve. 
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Miiseles of Arm: Anterior View 
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Miiseles of Arm: Anterior View 


1. Coracobrachialis muscle 

Origin (proximal): Arises from the apex of the eoraeoid proeess of 
the scapula along with the short head of the bieeps braehii. 

Insertion (distal): Inserts into the middle of the medial surface and 
border of the humerus. 

Aetion: Flexes and adducts the arm at the shoulder. 

Innervation: Musculocutaneous nerve (C6 and C7). 

Oomment: The eoraeobraehialis is the smallest of the 3 anterior 
eompartment muscles of the arm. 

The braehial artery supplies the eoraeobraehialis with blood. 

As the musculocutaneous nerve leaves the braehial plexus, it usually 
dives into the proximal portion of the eoraeobraehialis muscle. 


eiinieal: Sinee the musculocutaneous nerve runs through the 
eoraeobraehialis muscle, it is vulnerable to nerve eompression 
within the muscle, and this ean lead to weakness of elbow 
flexion (loss of some braehialis and bieeps function) and 
hypesthesia of the lateral forearm. 
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Muscles of Arm: Anterior View 
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Miiseles of Arm: Anterior View 


1. Braehialis muscle 

Origin (proximal): Arises from the distal half of the anterior 
humerus. 

Insertion (distal): Inserts into the tuberosity and the anterior 
surface of the eoronoid proeess of the ulna. 

Aetion: The braehialis is a powerful flexor of the forearm at the 
elbow. 

Innervation: Musculocutaneous nerve (C5 and C6). Also, the radial 
nerve sends a minor braneh to the braehialis (C7). 

Comment: Because the braehialis is eovered superficially by 
the bieeps, it is often not appreeiated as the most important and 
powerful flexor of the forearm at the elbow. Although the muscle ean 
partieipate in quick flexion, its isometrie eontraetion maintains the 
flexed position, espeeially when a weight is applied to the forearm. 

The braehial artery supplies the braehialis with blood. 


Clinical: Damage to the musculocutaneous nerve proximal to 
the braehialis (eompression injury as it passes through the 
eoraeobraehialis muscle) ean lead to weakness in the braehialis 
and bieeps braehii muscles, thus affeeting elbow flexion. 
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Miiseles of Arm: Posterior View 


1. Trieeps braehii muscle 

2 . Anconeus muscle 

Origin (proximal): The long head of the trieeps arises from the 
infraglenoid tubercle of the scapula. The lateral head arises from 
the posterior surface of the humerus. The medial head arises 
from the posterior surface of the humerus inferior to the radial 
groove. 

The anconeus arises from the lateral epieondyle of the humerus. 

Insertion (distal): All 3 heads of the trieeps insert by a eommon 
tendon into the posterior portion of the proximal oleeranon of the 
ulna. A band of fibers continues distally on the lateral side over the 
anconeus to blend with the deep faseia of the forearm. 

The anconeus inserts into the lateral aspeet of the oleeranon and into 
the upper dorsal surface of the body of the ulna. 

Aetion: The anconeus muscle and all 3 heads of the trieeps extend 
the forearm at the elbow. The anconeus also abducts the ulna during 
pronation. The long head of the trieeps, arising from the scapula, 
also ean extend the humerus (arm) at the shoulder joint. 

Innervation: The trieeps and anconeus are supplied by the radial 
nerve (C7 and C8). 

eomment: The medial head of the trieeps is the functional 
counterpart of the ehief flexor of the elbow, the braehialis. The 
medial head is misnamed; it lies deep, not medial. 

The trieeps reeeives its blood supply from the deep braehial artery. 


Clinical: Tapping the trieeps tendon elieits the trieeps reflex, 
testing spinal eord segments C7 and C8. 
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Arm: Serial Cross Seetion 
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Arm: Serial Cross Seefion 


1. Bieeps braehii (Short and Long heads) 

2 . Coracobrachialis muscle 

3 . Deltoid muscle 

4 . Braehialis muscle 

5 . Radial nerve 

6 . Trieeps braehii muscle (Medial, Lateral, and Long heads) 

7 . Braehioradialis muscle 

8 . Musculocutaneous nerve 

Comment: Functionally, the arm is divided into an anterior 
eompartment and a posterior eompartment. Simplistieally, the 
anterior eompartment eontains the flexors of the elbow and the 
posterior eompartment eontains the extensors of the elbow. 

The musculocutaneous nerve innervates the muscles of the anterior, 
or flexor, eompartment. The radial nerve innervates the muscles of 
the posterior, or extensor, eompartment. 

The anterior eompartment is supplied largely by the braehial artery 
and its branehes. The posterior eompartment is supplied largely by 
the deep braehial (profunda braehii) artery and its branehes. 

The median and ulnar nerves pass through the arm in a medial 
neurovascular bundle eompartment as they course to the forearm. 
These 2 nerves do not innervate muscles of the arm. 


eiinieal: The radial nerve passes around the shaft of the 
humerus to gain aeeess to the posterior eompartment of the arm. 
Fractures of the shaft of the humerus ean plaee the radial nerve 
in jeopardy of being stretehed or torn as it wraps around the 
humerus, affeeting wrist and finger extensors. 
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Miiseles of Forearm 


Right forearm: anterior view 
Supination 
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Miiseles of Forearm 


1. Pronator teres muscle 

2 . Pronator quadratus muscle 

Origin (proximal): The pronator teres has 2 heads. The humeral 
head arises immediately above the medial epieondyle from the 
eommon flexor tendon, intermuscular septum, and antebraehial 
faseia. The ulnar head arises from the medial side of the eoronoid 
proeess of the ulna. 

The pronator quadratus arises from the medial aspeet of the anterior 
surface of the distal one-fourth of the ulna. 

Insertion (distal): The pronator teres inserts about midway along 
the lateral surface of the radius. 

The pronator quadratus inserts into the distal fourth of the lateral 
border and anterior surface of the shaft of the radius. 

Aetion: The pronator teres rotates the radius on the ulna (pronation) 
and helps flex the forearm at the elbow. 

The pronator quadratus pronates the hand. It is assisted by the 
pronator teres when additional power is required. 

Innervation: Both muscles are innervated by the median nerve 
(pronator teres—C6 and C7; pronator quadratus—C8 and T1). 

Comment: The pronator teres is well suited for quick, powerful 
pronation. The pronator quadratus is the deepest muscle in the 
forearm, and its eontraetion is difficult to show. 


Clinical: One elinieally tests the pronator teres by grasping the 
patient’s hand with the forearm extended and asking the patient 
to pronate against resistanee (turn the hand downward) while 
watching the medial epieondyle of the humerus to see if the 
muscle eontraets. 
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Individiial Miiseles of Forearm 


Right forearm: 
anterior (palmar) view 
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Individiial Miiseles of Forearm 


1. Flexor earpi radialis muscle 

Origin (proximal): Arises from the medial epieondyle of the 
humerus and the antebraehial faseia. 

Insertion (distal): Inserts into the base of the 2nd metaearpal bone 
and sends a slip to the base of the 3rd metaearpal bone. 

Aetion: Flexes the hand at the wrist joint and aids in wrist 
abduction. 

Innervation: Median nerve (C6 and C7). 

Oomment: The radial extensors help the flexor earpi radialis abduct 
the wrist. 

Distally at the wrist, the radial artery pulse may be palpated just 
lateral to the tendon of this muscle. Simply rest your index and 
middle fingers on this tendon and press to feel the radial pulse. 


dinieal: One ean elinieally test the flexor earpi radialis by 
grasping the patient’s hand and having the patient flex the wrist 
against resistanee. As the patient does this, look for the tendon 
of the muscle to tighten in the wrist. 
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Individiial Miiseles of Forearm 


Right forearm: 
anterior (palmar) view 
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Individiial Miiseles of Forearm 


1. Palmaris longus muscle 

Origin (proximal): Arises from the medial epieondyle of the 
humerus by the eommon flexor tendon and the antebraehial faseia. 

Insertion (distal): Inserts into the anterior aspeet of the distal flexor 
retinaculum and into the palmar aponeurosis. 

Aetion: Flexes the hand at the wrist and tightens the palmar 
aponeurosis. 

Innervation: Median nerve (C6 and C7). 

Oomment: The palmaris longus is vestigial in humans and is absent 
in 10% to 15% of the population. In other speeies, this muscle 
retraets the claws. In humans, it aets primarily at the wrist. 


Clinical: By having the patient make a tight fist, one ean 
determine if the patient possesses the palmaris longus muscle, 
as its tendon will appear in the midwrist. The median nerve lies 
just lateral to the tendon of this muscle before entering the earpal 
tunnel. 
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Individiial Miiseles of Forearm 


Right forearm: 
anterior (palmar) view 
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Individiial Miiseles of Forearm 


1. Flexor earpi ulnaris muscle 

Origin (proximal): Has 2 heads. The humeral head arises from 
the medial epieondyle of the humerus by the eommon flexor tendon. 
The ulnar head arises from the medial margin of the oleeranon and 
posterior border of the ulna. 

Insertion (distal): Inserts into the pisiform bone, but an extension 
of its ligament attaehes to the hook of the hamate and base of the 
5th metaearpal. Several of its fibers also attaeh to the flexor 
retinaculum. 

Aetion: Flexes and adducts the hand at the wrist. 

Innervation: Ulnar nerve (C7 and C8). 

Comment: The 2 heads of this muscle join just below the medial 
epieondyle; the ulnar nerve runs between the heads as it courses 
toward the wrist. The ulnar extensor helps the flexor earpi ulnaris 
adduct the hand at the wrist. 


Clinical: As the ulnar nerve passes between the 2 heads of the 
flexor earpi ulnaris, the nerve ean beeome eompressed, leading 
to a cubital tunnel syndrome. This syndrome is 2nd only to earpal 
tunnel syndrome among eompression neuropathies. Compression 
may be espeeially acute as the elbow is flexed because this 
narrows the spaee between the 2 muscle heads. 
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Individiial Miiseles of Forearm 


Right forearm: 
anterior (palmar) views 
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Individiial Miiseles of Forearm 


1. Flexor digitomm superficialis muscle 

Origin (proximal): This muscle arises by 2 heads and inserts by 4 
tendons. The humero-ulnar head arises from the medial epieondyle 
of the humerus, the ulnar eollateral ligament, and the eoronoid 
proeess of the ulna. The radial head arises from the superior half of 
the anterior aspeet of the radius. 

Insertion (distal): Four tendons of insertion attaeh to the bodies 
of the middle phalanges of the medial 4 digits (index finger to little 
finger). 

Aetion: This muscle aets primarily as a flexor of the proximal 
interphalangeal joints. It also contributes to flexion of all the joints it 
erosses, including the elbow, wrist, and metaearpophalangeal joints. 

Innervation: Median nerve (C7, C8, and T1). 

Comment: Opposite the bases of the Ist phalanges, eaeh tendon 
divides to allow the eorresponding tendon of the deep flexor (flexor 
digitomm profundus) to reaeh eaeh finger. A eommon synovial 
tendon sheath, or bursa, wraps around both sets of tendons, 
faeilitating the sliding of the tendons over one another. 


eiinieal: Testing this muscle is done by asking the patient to 
flex the index or middle finger while one holds it between the 
thumb and index finger in a flexed position at the proximal 
interphalangeal joint, thus providing resistanee. As the patient 
tries to flex the joint and move the finger toward the palm, the 
muscle’s strength ean be assessed. 
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Individiial Miiseles of Forearm 


Right forearm: 
anterior (palmar) views 
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Individiial Miiseles of Forearm 


1. Flexor digitomm profundus muscle 

Origin (proximal): Arises from the proximal three-fourths of the 
medial and anterior aspeets of the ulna and from the interosseous 
membrane. 

Insertion (distal): Four tendons attaeh to the bases of the distal 
phalanges of the medial 4 digits (index finger to little finger). 

Aetion: The primary aetion is flexion of the distal interphalangeal 
joints. The muscle also produces some flexion at the proximal 
interphalangeal joints, the metaearpophalangeal joints, and the wrist 
because its tendons eross those joints. 

Innervation: Proximal to the wrist, this muscle divides into 2 parts. 
The medial part is innervated by the ulnar nerve (C8 and T1). 

The lateral portion of the muscle is innervated by the anterior 
interosseous braneh of the median nerve (C8 and T1). 

Comment: The tendons of the flexor digitomm profundus, similar 
to those of the superficialis, eross the earpal eanal and the palm of 
the hand. The 4 tendons pass through the slits of the superficialis 
tendons before attaehing to the distal phalanges. 


Clinical: This muscle is tested elinieally by having the patient 
flex the distal interphalangeal joint against resistanee as 
one plaees the thumb and index finger on the proximal 
interphalangeal joint of the tested finger to keep it in extension 
and then holds the tip of the finger to provide resistanee to 
flexion of the distal interphalangeal joint. 
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Individiial Miiseles of Forearm 


Right forearm: 
anterior (palmar) view 
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Individiial Miiseles of Forearm 


1. Flexor pollieis longus muscle 

Origin (proximal): Anterior aspeet of the radius and adjaeent 
interosseous membrane. 

Insertion (distal): Base of the distal phalanx of the thumb. 

Aetion: The primary aetion is flexion of the distal phalanx of the 
thumb. The muscle also ean flex the proximal phalanx because its 
tendon erosses that joint. 

Innervation: Median nerve (anterior interosseous braneh) (C7, C8, 
and T1). 

Oomment: The tendon of this unipennate muscle belly erosses the 
earpal eanal on the lateral or radial side of the digital flexor tendons 
and passes to the distal phalanx of the thumb. The tendon has its 
own synovial sheath. 


eiinieal: This muscle is tested elinieally by asking the patient to 
flex the tip of the thumb against resistanee while the examiner 
holds the proximal phalanx fixed between the thumb and fingers. 
This aetion not only tests the strength of muscle eontraetion but 
also tests the integrity of the median nerve, which innervates this 
muscle. 
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Miiseles of Forearm 



Right forearm: anterior view 
Supination 
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Miiseles of Forearm 


1. Supinator muscle 

Origin (proximal): Arises from the lateral epieondyle of the 
humerus, the radial eollateral ligament of the elbow joint, the anular 
ligament of the proximal radio-ulnar joint, the supinator fossa, and 
the erest of the ulna. 

Insertion (distal): Inserts into the lateral, posterior, and anterior 
surfaces of the proximal third of the radius. 

Aetion: The supinator rotates the radius to supinate the forearm and 
hand. Supination occurs whether the forearm is flexed or extended. 

Innervation: Deep braneh of the radial nerve (C5 and C6). 

Comment: The most powerful supinator of the forearm is the bieeps 
braehii, which aets primarily when the forearm is flexed. In eontrast, 
the supinator ean supinate a forearm that is flexed or extended. 

The posterior interosseous artery passes through the supinator, 
serving as its major blood supply. 


Clinical: The deep braneh of the radial nerve (the radial nerve’s 
motor eomponent) ean beeome eompressed as it passes through 
the supinator, leading to a posterior eompartment neuropathy, 
resulting in weakened extension of the wrist and fingers. The 
supinator is tested elinieally by having the patient supinate the 
extended forearm against resistanee. 
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Forearm Miiseles 


1. Braehioradialis muscle 

Origin (proximal): Proximal two-thirds of the lateral supracondylar 
ridge of the distal humerus and intermuscular septum. 

Insertion (distal): Lateral aspeet of the distal radius just proximal to 
the styloid proeess. 

Aetion: Aeeessory flexor of the forearm at the elbow. 

Innervation: Radial nerve (C5 and C6), before it divides into its 
superficial and deep branehes. 

Oomment: The braehioradialis is a unique muscle in that it is a 
muscle of the posterior eompartment of the forearm (innervated by 
the radial nerve) but is not an extensor or supinator. It is a weak 
flexor of the forearm at the elbow and is most effieient as a flexor 
when the forearm is in midpronation. 


Clinical: If one tests forearm flexion against resistanee in the 
midpronated position, the braehioradialis is easily seen as a 
muscle bulge over the lateral epieondyle of the elbow. Pain over 
the lateral epieondyle is often referred to as “tennis elbow,” but 
this muscle pain, usually from overexertion, ean be caused by a 
number of aetions, including playing tennis or golf or lifting heavy 
objeets (e.g., a suitcase) by a handle. 
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Right forearm: 
posterior 
(dorsal) view 
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Forearm Miiseles 


1. Extensor earpi radialis longus muscle 

Origin (proximal): Lateral supracondylar ridge of the humerus. 

Insertion (distal): Attaehes to the base of the 2nd metaearpal. 

Aetion: Extends and abducts the hand at the wrist joint. 

Innervation: Radial nerve (C6 and C7). 

Oomment: This muscle arises just distal to the braehioradialis 
muscle. Its belly ends in the proximal third of the forearm. Its flat 
tendon continues distally along the lateral border of the radius 
beneath the abductor pollieis longus and extensor pollieis brevis 
muscles. 

This muscle also aets synergistieally during flexion of the fingers by 
extending the hand at the wrist to give additional strength when the 
hand grasps an objeet. This aetion is essential for a power grip. 


Clinical: This muscle is tested elinieally by having the patient 
extend and abduct the hand at the wrist against resistanee. In 
order to do this, the examiner must hold the patient’s fist and 
apply resistanee to the lateral aspeet of the wrist while the 
patient tries to bend the fist laterally (abduct or move it toward 
the thumb side of the wrist) and extend the wrist simultaneously. 
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Forearm Miiseles 



Right forearm: 
posterior 
(dorsal) view 
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Forearm Miiseles 


1. Extensor earpi radialis brevis muscle 

Origin (proximal): Lateral epieondyle of the humerus. 

Insertion (distal): Base of the 3rd metaearpal bone. 

Aetion: Extends and abducts the hand at the wrist joint. 

Innervation: Radial nerve (deep braneh) (C7 and C8). 

Oomment: This muscle is shorter and thieker than the extensor 
earpi radialis longus, which partially eovers it. Oeeasionally, both 
muscles form a single belly that gives rise to 2 tendons. This muscle 
is important for a power grip (a power grip requires wrist extension). 


Clinical: This muscle aets with the extensor earpi radialis longus 
and is tested elinieally along with that muscle. The patient is 
asked to extend and abduct the hand at the wrist against 
resistanee. This aetion not only tests these 2 muscles but also 
tests the integrity of the radial nerve (its deep braneh). 
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Forearm Miiseles 



Right forearm: 
posterior 
(dorsal) view 
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Forearm Miiseles 


1. Extensor digitomm miisele 

Origin (proximal): Lateral epieondyle of the hiimeriis. 

Insertion (distal): Extensor expansions of the medial 4 digits (index 
finger to little finger). 

Aetion: Extension at the metaearpophalangeal and interphalangeal 
joints. This muscle also partieipates in wrist extension when the 
fingers are extended. 

Innervation: Radial nerve (posterior interosseous braneh) (C7 
and C8). 

Oomment: The tendons of the extensor digitomm pass through the 
extensor retinaculum and to the extensor expansions of the medial 4 
digits. Oeeasionally, this muscle has only 3 tendons instead of 4. 
Often, the extensor digiti minimi is attaehed to the extensor 
digitomm. 


eiinieal: This muscle is tested elinieally by having the patient 
extend the fingers against resistanee. This is best done 
as one supports the patient’s pronated hand with one 
hand and provides resistanee to the fingers aeross the 
metaearpophalangeal joints with the other hand. The eontraeting 
muscle belly will bulge out along the lateral forearm (little finger 
side in the pronated position). 
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Forearm Miiseles 



Right forearm: 
posterior 
(dorsal) view 
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Forearm Miiseles 


1. Extensor digiti minimi muscle 

Origin (proximal): Lateral epieondyle of the humerus. 

Insertion (distal): Extensor expansion of the 5th digit. 

Aetion: Extends the 5th digit at the metaearpophalangeal and 
interphalangeal joints. This muscle also partieipates in wrist extension 
when the fingers are extended. 

Innervation: Radial nerve (posterior interosseous braneh) (C7 
and C8). 

Oomment: This slender muscle is often eonneeted to the larger 
extensor digitomm. 


dinieal: This small muscle aets with many of the other finger 
and wrist extensors and usually will not be tested elinieally as an 
individual muscle, because its isolated aetion is difficult to 
aseertain. 
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Forearm Miiseles 



Right forearm: 
posterior 
(dorsal) view 
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Forearm Miiseles 


1. Extensor earpi iilnaris muscle 

Origin (proximal): This muscle has 2 heads. One head arises from 
the lateral epieondyle of the humerus, and the other arises from the 
posterior border of the ulna. 

Insertion (distal): Attaehes to the medial side of the base of the 
5th metaearpal. 

Aetion: Extends and adducts the hand at the wrist joint. 

Innervation: Radial nerve (posterior interosseous braneh) (C7 
and C8). 

Oomment: Similar to the extensor earpi radialis longus and brevis 
muscles, the extensor earpi ulnaris aets as a synergist to the finger 
flexors because it keeps the wrist extended to give additional 
strength when the hand grasps an objeet. This aetion is essential for 
a power grip. 


eiinieal: Clinically, this muscle is tested by having the patient 
extend and adduct the wrist against resistanee. The examiner 
ean hold the patient’s pronated fist and provide resistanee 
against wrist extension and adduction (movement toward the 
little finger side of the wrist). The bulging eontraeted muscle 
belly will be evident along the medial forearm and its tendon at 
the wrist. 
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Forearm Miiseles 



Right forearm: 
posterior 
(dorsal) view 
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Forearm Miiseles 


1. Abductor pollieis longus muscle 

Origin (proximal): Posterior aspeet of the ulna, radius, and 
interosseous membrane. 

Insertion (distal): Attaehes to the base of the Ist metaearpal bone. 

Aetion: Abducts, extends, and laterally rotates the thumb at the 
earpometaearpal joint. It also may contribute to abduction of the 
wrist. 

Innervation: Radial nerve (posterior interosseous braneh) (C7 
and C8). 

Oomment: VVhen the thumb is abducted, the tendon of the 
abductor pollieis longus beeomes prominent and forms the lateral 
boundary of the “anatomieal snuffbox.” 


Clinical: This muscle is tested elinieally by having the patient 
supinate the hand (palm up) and extend the forearm at the 
elbow. The examiner plaees a finger on the lateral aspeet of the 
patient’s extended thumb for resistanee and asks the patient to 
try to move the thumb toward the elbow (abduct). VVhile the 
patient does this, the examiner looks for the tendon of the 
muscle mnning to the base of the thumb’s metaearpal bone. 
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Right forearm: 
posterior 
(dorsal) view 
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Forearm Miiseles 


1. Extensor pollieis brevis muscle 

Origin (proximal): Arises from the posterior surface of the radius 
and the interosseous membrane. 

Insertion (distal): Attaehes to the base of the proximal phalanx of 
the thumb. 

Aetion: Extends the proximal phalanx of the thumb at the 
metaearpophalangeal joint. By its continued aetion, it also ean 
extend the Ist metaearpal bone at the earpometaearpal joint. 

Innervation: Radial nerve (posterior interosseous braneh) (C7 
and C8). 

Comment: This short extensor of the thumb courses with the 
abductor pollieis longus muscle. The tendons of the 2 muscles 
form part of the lateral boundary of the “anatomieal snuffbox.” 


Clinical: One ean test this muscle elinieally by having the 
patient supinate the extended hand and then attempting to 
extend the thumb (the hitehhiking thumb position) against 
resistanee. In addition to testing the strength of the muscle, 
the examiner should be able to see and palpate the tendon 
of the muscle over the dorsal surface of the thumb’s 
metaearpophalangeal joint. 
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Forearm Miiseles 



Right forearm: 
posterior 
(dorsal) view 
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Forearm Miiseles 


1. Extensor pollieis longus muscle 

Origin (proximal): Posterior surface of the middle third of the ulna 
and the interosseous membrane. 

Insertion (distal): Attaehes to the base of the distal phalanx of the 
thumb. 

Aetion: Extends the distal phalanx of the thumb at the 
metaearpophalangeal and interphalangeal joints. Because it runs in 
an oblique fashion, it ean contribute to abduction of the thumb. 

Innervation: Radial nerve (posterior interosseous braneh) (C7 
and C8). 

Comment: The tendon of the extensor pollieis longus forms the 
medial or ulnar border of the “anatomieal snuffbox.” 


Clinical: The radial artery ean be found within the anatomieal 
snuffbox, and its pulse may be palpated at that point. The 
anatomieal snuffbox is bounded laterally by the tendons of the 
abductor pollieis longus and extensor pollieis brevis muscles and 
medially by the extensor pollieis longus tendon. The seaphoid 
earpal bone lies in the floor of the snuffbox; fracture from a fall 
on the outstretched hand will present as pain and swelling in the 
snuffbox (the seaphoid is the most eommonly fractured earpal 
bone). 
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Forearm Miiseles 


Right forearm: 
posterior 
(dorsal) view 
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Forearm Miiseles 


1. Extensor indieis miisele 

Origin (proximal): Posterior surface of the ulna and the 
interosseous membrane. 

Insertion (distal): Extensor expansion of the 2nd digit. 

Aetion: Extends all the joints of the index finger. Can help other 
extensors extend the wrist. 

Innervation: Radial nerve (posterior interosseous braneh) (C7 
and C8). 

Oomment: This narrow, elongated muscle lies medial and parallel 
to the extensor pollieis longus muscle. It permits the index finger to 
extend independently of the other fingers. 


Clinical: Along with the extensor digitomm muscle, this muscle 
provides independent extension of the index finger, such that the 
other digits may be flexed while still extending the index finger 
(pointing at someone). This maneuver is more difficult to do with 
any of the other fingers. 
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Miiseles in Cross Seetion of Forearm 
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Miiseles in Cross Seetion of Forearm 


1. Pronator teres muscle 

2 . Supinator muscle 

3 . Flexor earpi radialis muscle 

4 . Flexor pollieis longus muscle 

5 . Extensor digitomm muscle 

6 . Pronator quadratus muscle 

7 . Flexor digitomm profundus muscle 

8 . Flexor earpi ulnaris muscle 

9 . Flexor digitomm superficialis muscle 

Comment: Muscles of the forearm are divided into an anterior 
eompartment and a posterior eompartment. Muscles in the anterior 
eompartment are largely flexors at the wrist and of the fingers. 
Muscles in the posterior eompartment generally are extensors at the 
wrist and of the fingers. 

Muscles of the anterior, or flexor, eompartment of the forearm are 
innervated largely by the median nerve and its branehes. Only the 
flexor earpi ulnaris and the medial half of the flexor digitomm 
profundus are innervated by the ulnar nerve and its branehes. 

Muscles of the posterior eompartment of the forearm are innervated 
by the radial nerve and its branehes. 


eiinieal: Rarely do muscles aet alone, but rather they eontraet 
and function on a joint by aeting together. Therefore, it is 
important to think of them in eompartments based on their 
function (e.g., extensors or flexors) and know which nerve and 
vessels supply the muscles of that eompartment. 
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Intrinsie Miiseles of Hand 


Anterior (palmar) view 
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Intrinsie Miiseles of Hand 


1. Abductor pollieis brevis muscle 

Origin (proximal): Arises from the flexor retinaculum and the 
tubercles of the seaphoid and trapezium bones. 

Insertion (distal): Inserts into the lateral side of the base of the 
proximal phalanx of the thumb. 

Aetion: Abducts the thumb at the earpometaearpal and 
metaearpophalangeal joints. 

Innervation: Recurrent braneh of the median nerve (C8 and T1). 

Oomment: This muscle is 1 of the 3 muscles that make up the 
thenar muscles at the base of the thumb. The thenar muscles are 
all innervated by the recurrent braneh of the median nerve. 


Clinical: This muscle is tested elinieally by having the patient 
abduct the thumb against resistanee. Abduction of the thumb 
involves moving it at right angles to the palm tovvard the elbovv 
in the supinated position. Look for the bulging of the muscle 
belly in the thenar eminenee. 
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Intrinsie Miiseles of Hand 


Anterior (palmar) view 
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Intrinsie Miiseles of Hand 


1. Flexor pollieis brevis muscle 

Origin (proximal): This muscle has 2 heads. The superficial head 
arises from the flexor retinaculum and the trapezium bone. The deep 
head arises from the floor of the earpal eanal, which overlies the 
trapezoid and eapitate bones. 

Insertion (distal): The 2 heads join in a eommon tendon that 
inserts on the lateral side of the Ist metaearpal bone and base of 
the proximal phalanx. The tendon of insertion eontains the radial 
sesamoid bone of the metaearpophalangeal joint. 

Aetion: Flexes the proximal phalanx of the thumb at the 
metaearpophalangeal joint and indireetly rotates the metaearpal 
bone of the thumb medially at the earpometaearpal joint. 

Innervation: Recurrent braneh of median nerve (C8 and T1). 

Comment: This muscle is 1 of the 3 muscles that make up the 
thenar muscles at the base of the thumb. The thenar muscles are 
all innervated by the recurrent braneh of the median nerve. 


Clinical: The recurrent braneh of the median nerve lies 
somewhat superficial in the palm before diving into the belly of 
the flexor pollieis brevis muscle. Laeerations aeross the palm 
and thenar eminenee may sever this important braneh, as it 
innervates 3 of the 4 thenar muscles. Therefore, one must 
carefully test the integrity of these muscles in hand laeerations. 
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Intrinsie Miiseles of Hand 


Anterior (palmar) view 
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Intrinsie Miiseles of Hand 


1. Opponens pollieis muscle 

Origin (proximal): Arises from the flexor retinaculum and the 
trapezium bone. 

Insertion (distal): Attaehes to the lateral side of the 1 st metaearpal 
bone. 

Aetion: Pulls and rotates the Ist metaearpal in a medial fashion 
aeross the palm, opposing the thumb against the fingers. 

Innervation: Recurrent braneh of the median nerve (C8 and T1). 

Oomment: This muscle is 1 of the 3 muscles that make up the 
thenar muscles at the base of the thumb. The thenar muscles are 
all innervated by the recurrent braneh of the median nerve. 


Clinical: This muscle is tested elinieally by asking the patient to 
touch the base of the little finger with the thumb while resistanee 
is provided to the palmar side of the base of the thumb. 

As with all of the thenar muscles, injury in the palm before the 
origin of the recurrent braneh of the median nerve will denervate 
these muscles. If the nerve injury is eonfined to the wrist and/or 
hand, then all the forearm muscles innervated by the median 
nerve should still be functional. 


Upper Limb 


Atlas Plate 452 







Intrinsie Miiseles of Hand 


Anterior (palmar) view 
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Intrinsie Miiseles of Hand 


1. Adductor pollieis muscle 

Origin (proximal): The proximal fibers make up the oblique head 
and arise from the bases of the 2nd and 3rd metaearpals and the 
eapitate bone. The transverse head arises from the anterior surface 
of the body of the 3rd metaearpal bone. 

Insertion (distal): Both heads of this muscle eonverge 
on a sesamoid bone on the medial or ulnar side of the 
metaearpophalangeal joint. They attaeh to the base of the 
proximal phalanx of the thumb. 

Aetion: Adducts the proximal phalanx of the thumb toward the 
middle digit. 

Innervation: Deep braneh of the ulnar nerve (C8 and T1). 

Comment: This muscle is not eonsidered a thenar muscle and, 
although it aets on the thumb, it is innervated by the ulnar nerve. 


Clinical: This muscle is tested elinieally by asking the patient to 
adduct the thumb against resistanee. This is done by having the 
patient plaee the thumb in a fully abducted position (at right 
angles to the supinated palm, stieking straight up in the air) and 
then by providing resistanee as the patient tries to move the 
thumb baek into an adducted position (flat in the palm just lateral 
to the index finger). 
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Miiseles of Hand 



Palmar view 
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Miiseles of Hand 


1. Abductor digiti minimi muscle 

Origin (proximal): Arises from the pisiform bone and the tendon of 
the flexor earpi ulnaris muscle. 

Insertion (distal): Attaehes to the medial side of the base of the 
proximal phalanx of the 5th digit. 

Aetion: Abducts the 5th digit. 

Innervation: Deep braneh of the ulnar nerve (C8 and T1). 

Oomment: This muscle is 1 of the 3 muscles that make up the 
hypothenar muscles, which constitute the intrinsie muscles of the 
little finger. All are innervated by deep branehes of the ulnar nerve 
and supplied by deep branehes of the ulnar artery. 


eiinieal: This muscle is tested elinieally by having the patient 
abduct the little finger against resistanee. With the palm 
supinated and fingers extended and together, ask the patient to 
abduct the little finger (move it medially away from the palm and 
other fingers) while providing resistanee. 
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Miiseles of Hand 


Palmar view 
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Miiseles of Hand 


1. Flexor digiti minimi brevis muscle 

Origin (proximal): Arises from the hook of the hamate bone and 
the flexor retinaculum. 

Insertion (distal): Inserts into the medial aspeet of the base of the 
proximal phalanx of the little finger, as does the abductor digiti 
minimi. 

Aetion: Flexes the proximal phalanx of the 5th digit at the 
metaearpophalangeal joint. 

Innervation: Deep braneh of the ulnar nerve (C8 and T1). 

Oomment: This muscle is 1 of the 3 muscles that make up the 
hypothenar muscles, which constitute the intrinsie muscles of the 
little finger. All are innervated by deep branehes of the ulnar nerve 
and supplied by deep branehes of the ulnar artery. 


Clinical: This muscle is tested elinieally by asking the patient 
to flex the little finger at the metaearpophalangeal joint against 
resistanee. It helps to hold the middle 3 fingers in an extended 
position while the patient tries to flex the 5th digit, which should 
be extended at the interphalangeal joints. 
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Intrinsie Miiseles of Hand 


Anterior (palmar) view 
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Intrinsie Miiseles of Hand 


1. Opponens digiti minimi muscle 

Origin (proximal): Arises from the hook of the hamate bone and 
the flexor retinaculum. 

Insertion (distal): Inserts on the palmar surface of the body of the 
5th metaearpal. 

Aetion: Abducts, flexes, and laterally rotates the 5th metaearpal, 
enhaneing the cupping of the hand, inereasing the power of the grip, 
and opposing the little finger to the thumb. 

Innervation: Deep braneh of the ulnar nerve (C8 and T1). 

Oomment: This muscle is 1 of the 3 muscles that make up the 
hypothenar muscles, which constitute the intrinsie muscles of the 
little finger. All of these muscles are innervated by deep branehes of 
the ulnar nerve and supplied by deep branehes of the ulnar artery. 


eiinieal: To elinieally test opposition, have the patient touch the 
tips of the thumb and little finger together and then, with a finger 
on the patient’s thenar and hypothenar eminenee, try to pull the 
opposed fingers apart to test the strength of the opponens 
muscles. 
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Miiseles of Hand 


1. Lumbrical muscles 1 and 2 

2 . Liimbrieal muscles 3 and 4 

Origin (proximal): Lumbricals 1 and 2 arise from the 2 lateral 
tendons of the flexor digitomm profundus. Lumbricals 3 and 4 
arise from the 3 medial tendons of the flexor digitomm profundus. 

Insertion (distal): Attaeh to the lateral sides of the extensor 
expansions of digits 2 through 5 (index finger to little finger). 

Aetion: Flex the metaearpophalangeal joints and extend the 
interphalangeal joints. 

Innervation: Lumbricals 1 and 2 are innervated by the median 
nerve (C8 and T1). Lumbricals 3 and 4 are innervated by a deep 
braneh of the ulnar nerve (C8 and T1). 

eomment: Because of the way the lumbricals pass by the proximal 
interphalangeal joint, they prevent the extensor digitorum from 
hyperextending the joint. 

The lumbrical muscles may exhibit eonsiderable variation in their 
attaehments. 


Clinical: The lumbricals ean be tested elinieally by having the 
patient flex the 4 medial metaearpophalangeal joints against 
resistanee while keeping the interphalangeal joints extended. 
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Upper Limb 






Intrinsie Miiseles of Hand 


1. Dorsal interosseous muscles 

Origin (proximal): The 4 dorsal interosseous muscles are 
bipennate. They arise by 2 heads from adjaeent sides of the 
metaearpal bones. 

Insertion (distal): Eaeh interosseous muscle inserts into the base 
of the proximal phalanx and into the aponeurosis that forms the 
extensor expansion of digits 2 through 4. 

Aetion: Abducts the fingers from an imaginary longitudinal line 
through the middle finger (arrows). Also, the dorsal interossei flex the 
fingers at the metaearpophalangeal joints and aid in extension of the 
2 distal phalanges at the interphalangeal joints. 

Innervation: Deep palmar braneh of the ulnar nerve (C8 and T1). 

Comment: The Ist dorsal interosseous is the largest. It fills the 
spaee between the metaearpal bones of the thumb and index finger 
and is sometimes referred to as the “pineh” muscle. The Ist dorsal 
interosseous also is used with the adductor pollieis muscle during a 
preeision grip. 

Dorsal interosseous muscles are not assoeiated with the thumb or 
little finger; these digits possess their own abductors. 


Clinical: The dorsal interossei are elinieally tested by holding the 
adducted extended fingers together and asking the patient to 
spread the fingers (abduct them) against this resistanee. 
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Anterior 
(palmar) view 
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Intrinsie Miiseles of Hand 


1. Palmar interosseous muscles 

Origin (proximal): The 3 palmar interossei arise from the palmar 
surfaces of the metaearpal bones of digits 2, 4, and 5. 

Insertion (distal): Tendons of the palmar interossei insert into 
the extensor expansions of the digits and bases of the proximal 
phalanges of digits 2, 4, and 5. 

Aetion: The palmar interossei adduct the fingers at the 
metaearpophalangeal joint, moving them toward an imaginary line 
through the axis of the middle finger (arrows). They also assist in 
flexing the proximal phalanx at the metaearpophalangeal joint and 
aid in extension of the 2 distal phalanges at the interphalangeal 
joints. 

Innervation: Deep braneh of the ulnar nerve (C8 and T1). 

Comment: The 3 unipennate palmar interossei are smaller than the 
4 dorsal interossei. 


eiinieal: The palmar interossei are tested elinieally by asking the 
patient to hold a sheet of paper between 2 adjaeent adducted 
fingers. As the patient holds the paper, the examiner tries to pull 
the paper away. VVith weakened adduction, the patient will have 
difficulty holding the sheet of paper between the fingers. 
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Cross Seetion of Palm 


1. Lumbrical muscle in its faseial sheath 

2 . Flexor tendons to 5th digit in eommon flexor sheath (ulnar bursa) 

3 . Hypothenar muscles 

4 . Dorsal interosseous muscles 

5 . Palmar interosseous muscles 

6 . Adductor pollieis muscle 

7 . Profundus and superficialis flexor tendons to 3rd digit 

Comment: Muscles at the base of the thumb eompose the thenar 
eone, or eminenee. 

intrinsie muscles at the base of the 5th digit make up the hypothenar 
eminenee. 

The palmar interosseous muscles adduct the middle 3 fingers, 
whereas the dorsal interosseous muscles abduct the middle 3 
fingers. Together, the interossei also flex the metaearpophalangeal 
joint and, because of their insertion into the extensor expansion, 
extend the proximal and distal interphalangeal joints. 


Clinical: Several potential spaees exist in the palm and ean 
beeome sites of infeetion. The thenar spaee exists just anterior 
to the adductor pollieis muscle. The midpalmar spaee exists 
posterior (deep) to the eentral eompartment that eontains the 
long flexor tendons and lumbrical muscles. 
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Braehial Plexus: Sehema 


1. Musculocutaneous nerve (C5-7) 

2 . Axillary nerve (C5-6) 

3 . Radial nerve (C5-8, T1) 

4 . Median nerve (C5-8, T1) 

5 . lllnar nerve (C7-8, T1) 

6 . Thoraeodorsal (middle subscapular) nerve (C6-8) 

7 . Long thoraeie nerve (C5-7) 

8 . Dorsal scapular nerve (C5) 

Comment: The braehial plexus is formed by the ventral rami of 
C5-T1 spinal nerves. Its branehes supply muscles of the shoulder, 
including superficial muscles on the baek and anterior thoraeie wall 
and all the muscles of the upper extremity. 

The 5 roots of the braehial plexus give rise to 3 trnnks and to 3 
anterior and 3 posterior divisions, which eoalesee into 3 eords: the 
lateral, posterior, and medial eords (named for their relationships to 
the axillary artery). The 3 eords give rise to 5 terminal branehes. 

The ventral rami of the spinal nerves that contribute fibers to eaeh of 
the previously listed branehes may vary from individual to individual, 
so it is wise to use caution in assigning absolute nerve eomponents 
to eaeh braneh. This accounts for the variability seen in textbook 
deseriptions of these nerves. 


Clinical: llpper plexus injuries (C5-6) (Erb’s palsy) affeet largely 
the muscles of the shoulder and arm and present as an extended 
elbow and flexed wrist (wristdrop) but a normal grasp. Lower 
plexus injuries (C7-T1) (Klumpke’s palsy) affeet primarily muscles 
of the forearm and hand; the patient has a weak grasp due to 
the loss of flexion. 
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Radial Nerve in Arm and Nerves 

of Posterior Shoulder 
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Radial Nerve in Arm and Nerves 
of Posterior Shoulder 



1. Dorsal scapular nerve (C5) 

2 . Lower subscapular nerve (C5-6) 

3 . Posterior cutaneous nerve of forearm 

4 . Radial nerve (C5-8, T1) 

5 . Axillary nerve (C5-6) 

6 . Suprascapular nerve (C5-6) 

Comment: Branehes of the braehial plexus innervate the shoulder 
and arm muscles. Prominent among these branehes are the dorsal 
scapular nerve, the suprascapular nerve, the lower subscapular 
nerve, and 2 of the 5 terminal branehes of the braehial plexus, the 
axillary nerve and the radial nerve. 

The radial nerve innervates the extensor eompartment of the arm 
and courses posteriorly to the shaft of the humerus, running with the 
deep braehial artery. In the arm, this nerve innervates the trieeps and 
anconeus muscles. 


Clinical: The radial nerve is vulnerable to stretehing or tearing in 
fractures of the shaft of the humerus and ean be eompressed by 
tourniquets that are too tight or by direet eompression (Saturday 
night palsy) leading to weakened elbow, wrist, and finger 
extension and supination. VVristdrop is a eommon elinieal sign if 
the forearm extensor muscles are affeeted. 
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Nerves of Upper Limb 


Anterior view 



Upper Limb 



















Nerves of Upper Limb 


1. 

Musculocutaneous nerve 

5. 

Common palmar digital 

2. 

Radial nerve (Deep braneh; 


branehes of median nerve 


Superficial braneh) 

6. 

Superficial braneh of ulnar 

3. 

Median nerve 


nerve 

4. 

Recurrent (motor) braneh of 

7. 

Median nerve 


median nerve to thenar 

8. 

Ulnar nerve 


muscles 

9. 

Radial nerve 

Comment: Nerves of the arm, forearm, 

and hand are derived 


from the 5 terminal branehes of the braehial plexus. The 
musculocutaneous nerve innervates the flexors of the elbow, which 
are eontained in the arm’s anterior eompartment. The radial nerve 
innervates the arm’s posterior eompartment, which eontains muscles 
that extend the elbow. 

In the forearm, the radial nerve also innervates the extensors of the 
wrists and digits, and the median nerve innervates most of the 
flexors of the wrist and digits (although the ulnar nerve innervates 
1V 2 muscles). 

The median and ulnar nerves innervate the intrinsie muscles of 
the hand, although the ulnar nerve predominates (innervates the 
hypothenar muscles, 2 lumbricals, the adductor pollieis muscle, and 
all the interossei). 


Clinical: Median nerve injury ean affeet wrist and finger flexion 
and, in particular, the ability to effeetively use the thumb and 
index and middle fingers. Ulnar nerve injury ean present as a 
clawhand and an inability to effeetively use the ring and little 
fingers, as well as a loss of abduction and adduction of the 2nd 
to 5th digits. 
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Nerves of Hand 



Anterior (palmar) view 
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Nerves of Hand 


1. Branehes of median nerve to thenar muscles and to Ist and 2nd 
lumbrical muscles 

2. Branehes from deep braneh of ulnar nerve to 3rd and 4th 
lumbrical muscles and to all interosseous muscles 

3. Deep palmar braneh of ulnar artery and deep braneh of ulnar 
nerve 

4. Median nerve (cut) 

5. lllnar nerve 

Comment: The median and ulnar nerves innervate intrinsie muscles 
on the anterior (palmar) side of the hand. The median nerve 
innervates muscles that aet on the thumb; these muscles form the 
thenar eminenee and lumbricals of digits 2 and 3. All the other 
intrinsie muscles of the palmar hand are innervated by branehes of 
the ulnar nerve. 


eiinieal: Sensation of the skin over the surface of the hand ean 
vary depending on the branehing of the radial, median, and ulnar 
sensory branehes. Testing of radial sensation ean only be done 
reliably over the dorsal web spaee between the thumb and index 
finger. Median sensation is tested reliably on the palmar (volar) 
aspeet of the tip of the index finger. Ulnar sensation is tested 
reliably on the palmar aspeet of the tip of the little finger. 

The rieh blood supply to the hand via the palmar arehes means 
that laeerations of the palm often bleed profusely and may be 
difficult to eontrol. 
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Cutaneous Nerves and Superficial 

Veins of Shoulder and Arm 


Anterior view 
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Cutaneous Nerves and Superficial 
Veins of Shoulder and Arm 



1. Supraclavicular nerves (from eervieal plexus) (Medial; 
Intermediate; Lateral) 

2. Medial braehial cutaneous nerve 

3. Superior lateral braehial cutaneous nerve (from axillary nerve) 

4. Cephalic vein 

5. Cephalic vein 

6 . Basilie vein 

7. Median cubital vein 

8 . Lateral antebraehial cutaneous nerve (terminal part of 
musculocutaneous nerve) 

9. Basilie vein 

Comment: Cutaneous nerves of the shoulder arise from the 
supraclavicular nerves of the eervieal plexus. Cutaneous nerves of 
the arm arise from the axillary nerve, from the radial nerve, or direetly 
from the braehial plexus. 

The largest superficial veins of the arm are the eephalie vein and the 
basilie vein. The eephalie vein is joined to the basilie vein by the 
median cubital vein, which passes anteriorly aeross the cubital fossa. 

Via perforating veins, the superficial veins communicate with deep 
veins aeeompanying the braehial artery and its branehes. The 
superficial and deep veins of the upper limb possess valves to assist 
in returning blood to the heart. 

The eephalie vein drains proximally into the axillary vein, and the 
basilie vein drains proximally into, or beeomes continuous with, the 
axillary vein. 


eiinieal: The median cubital vein is often used for venipuncture 
to withdraw a blood sample. 
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Cutaneous Nerves and 
Superficial Veins of Forearm 


Anterior (palmar) view 
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Cutaneous Nerves and 
Superficial Veins of Forearm 



1. Lateral antebraehial cutaneous nerve (from musculocutaneous 
nerve) 

2 . Cephalic vein 

3. Median antebraehial vein 

4. Proper palmar digital nerves and palmar digital veins 

5. Perforating veins 

6 . Basilie vein 

7. Anterior braneh and Posterior braneh of medial antebraehial 
cutaneous nerve 

8 . Basilie vein 

Comment: Cutaneous nerves of the forearm arise from the 
musculocutaneous nerve, from the radial nerve, from the ulnar nerve, 
or direetly from the braehial plexus. 

The prineipal superficial veins of the forearm are the eephalie vein 
and the basilie vein. These veins communicate in the cubital fossa 
via the median cubital vein. 

Superficial veins communicate with deeper veins via perforating 
branehes. The deeper veins aeeompany the radial and ulnar arteries 
and their major branehes. The superficial and the deep veins of the 
upper limb possess valves to assist in returning blood to the heart. 


Clinical: The eephalie and basilie veins begin on the dorsum of 
the hand; because the hand is largely used for grasping objeets, 
the arterial blood from the palmar arehes is squeezed from the 
palm and drains into the dorsal venous plexus and thenee into 
the eephalie and basilie veins. If the veins were on the palm, they 
would be squeezed shut every time we grasped something! 
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Arteries Around Scapula 



Upper Limb 















Arteries Around Scapula 


1. Dorsal scapular artery 

2 . Supraspinatus muscle (cut) 

3. Superior transverse scapular ligament and suprascapular noteh 

4. Infraspinatus muscle (cut) 

5 . Circumflex scapular artery 

6 . Posterior humeral circumflex artery (in quadrangular spaee) and 
aseending and deseending branehes 

7. lnfraspinous braneh of suprascapular artery 

8 . Aeromial braneh of thoraeo-aeromial artery 

9 . Suprascapular artery 

eomment: Around the shoulder joint, a rieh vascular anastomosis 
forms from branehes of the thyroeervieal trunk, thoraeo-aeromial 
artery, subscapular artery, and posterior and anterior humeral 
circumflex arteries. This anastomosis not only supplies the 17 
muscles attaehing to the scapula and some of the shoulder muscles 
but also provides eollateral circulation to the upper limb should the 
proximal part of the axillary artery beeome occluded. 

The dorsal scapular artery (from the thyroeervieal trunk) anastomoses 
freely aeross the supraspinous and infraspinous fossae with 
branehes from the suprascapular, posterior humeral circumflex, 
and circumflex scapular branehes of the subscapular arteries. 


eiinieal: Joints tend to have rieh vascular anastomoses around 
them to supply the muscles working on eaeh joint and to supply 
the joint itself. Clinically, these anastomoses ean be eritieal if a 
proximal artery is laeerated, because adjaeent arteries ean still 
supply distal tissues with blood. 
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Braehial Artery and Anastomoses 


1. Thoraeo-aeromial artery 

2. Axillary artery 

3. Posterior humeral circumflex artery 

4. Braehial artery 

5. Deep artery of arm 

6. Radial eollateral artery 

7. Radial recurrent artery 

8. Radial artery 

9 . lllnar artery 

10. Common interosseous artery 

11. Superior ulnar eollateral artery 

12. Circumflex scapular artery 

13. Subscapular artery 

eomment: The braehial artery is a continuation of the axillary artery; 
it begins at the lower margin of the teres major muscle. The braehial 
artery provides a deep braneh to the muscles of the posterior 
eompartment of the arm. In the cubital fossa, the braehial artery 
divides into the radial and ulnar arteries. 

The elbow joint is surrounded by a rieh anastomosis of radial and 
ulnar recurrent and eollateral arteries. 

The radial nerve courses with the deep braneh of the braehial artery 
in the arm. The ulnar nerve courses with the superior ulnar eollateral 
artery. The median nerve courses with the braehial artery. 


Clinical: Like the shoulder joint, the elbow joint possesses a rieh 
vascular anastomosis, providing blood to the muscles aeting on 
the elbow joint and supplying the joint itself. 
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Arteries of Hand: Palmar View 
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Arteries of Hand: Palmar VIew 


1. Radial artery 

2 . Superficial palmar braneh of radial artery 

3. Proper palmar digital nerves and arteries 

4. Common palmar digital nerves and arteries 

5. Superficial palmar (arterial) areh 

6 . Deep palmar braneh of ulnar artery and deep braneh of ulnar 
nerve 

7. Ulnar artery and nerve 

Comment: The superficial palmar areh is a continuation of the ulnar 
artery. It anastomoses with the superficial palmar braneh of the 
radial artery. From this superficial areh arise eommon palmar digital 
arteries, which divide into proper palmar digital arteries. 

A deep palmar areh exists deeper within the palm. It is the terminal 
part of the radial artery, and it anastomoses with the deep palmar 
braneh of the ulnar artery. Perforating branehes join the superficial 
and deep palmar arehes. 


Clinical: Allen’s test is used to test the vascular perfusion distal 
to the wrist. The examiner’s thumbs are plaeed lightly on the 
patient’s ulnar and radial arteries as the patient makes a tight fist 
to “blaneh” the palmar skin. Then, eompressing the radial artery 
with the thumb, the examiner releases the pressure on the ulnar 
artery and asks the patient to open the elenehed fist. Normally, 
the skin should turn pink immediately, indieating normal ulnar 
artery blood flow through the anastomotie palmar arehes. Then, 
the test is repeated by occluding the ulnar artery to assess radial 
artery flow. 
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Siimmary of Upper Limb Arteries 
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Summary of Upper Limb Arteríes 


1. Thoraeo-aeromial artery 

2. Axillary artery 

3. Braehial artery 

4. Profunda braehii (deep braehial) artery 

5. Radial artery 

6. Superficial palmar braneh of radial artery 

7. Superficial palmar areh 

8. Common palmar digital arteries 

9. Deep palmar braneh of ulnar artery 

10. Ulnar artery 

11. Anterior interosseous artery 

12. Common interosseous artery 

13. Subscapular artery 

Comment: The axillary artery is a direet continuation of the 
subclavian artery, and the branehes of these 2 arteries form an 
important arterial anastomosis around the scapula and shoulder 
region. Major anastomoses also occur around the elbow and wrist 
and in the palm (palmar arehes). 


Clinical: The major pulse points of the upper limb include: 

• Braehial pulse, at the medial aspeet of the midarm 

• Cubital pulse (braehial artery), felt in the cubital fossa just 
medial to the bieeps braehii muscle tendon 

• Radial pulse, at the wrist just lateral to the flexor earpi radialis 
muscle tendon 

• Lllnar pulse, at the wrist, just proximolateral to the pisiform 
bone 
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Adductor Longiis 
Addiietor Brevis 
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Graeilis 

Gluteus Maximus 
Gluteus Medius 
Gluteus Minimus 
Piriformis 

Superior Gemellus and Inferior Gemellus 

Obturator lnternus 

Quadratus Femoris 

Semitendinosus 

Semimembranosus 

Bieeps Femoris (Short and Long Heads) 

Thigh Muscles 

Fibularis (Peroneus) Longus 

Fibularis (Peroneus) Brevis 

Tibialis Anterior 

Extensor Hallucis Longus 

Extensor Digitomm Longus 

Gastrocnemius 

Soleus 

Plantaris 

Popliteus 
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Hip (Coxal) Bone: Lateral View 
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Hip (Coxal) Bone: Lateral VIew 


1. Posterior superior iliae spine 

2 . Posterior inferior iliae spine 

3. Greater seiatie noteh 

4 . Body of ilium 

5 . Body of ischium 

6 . isehial tuberosity 

7 . Pubic tubercle 

8 . Acetabulum 

9 . lliae erest 

Comment: The hip bone eonsists of 3 bones: the ilium, ischium, 
and pubis. Before puberty, these bones are joined by eartilage, but 
they begin to fuse by midadoleseenee and are eompletely fused in 
adulthood. All 3 fused bones contribute to the acetabulum, the 
cup-like eavity for articulation of the head of the femur. 

The fused hip bone articulates with the femur (thigh bone) and 
with the vertebral column (spine). Speeifieally, the ilium articulates 
with the saernm in a plane synovial joint that allows for little 
movement, in eontrast to the shoulder joint, and provides great 
stability. This stability is important for standing, walking, and mnning 
on 2 legs (bipedalism). 


Clinical: Bmising over the iliae erest, often from an athletie 
injury or direet trauma, is eommonly referred to as a hip pointer. 
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Hip (Coxal) Bone: Medial V ew 




Pubis 
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Hip (Coxal) Bone: Medial View 


1. Wing (ala) of ilium (iliae fossa) 

2 . Peeten pubis (peetineal line) 

3 . Ramus of ischium 

4 . Lesser seiatie noteh 

5 . Isehial spine 

6 . Articular surface (for saemrn) 

7 . Iliae tuberosity 

Comment: The hip bone eonsists of 3 bones: the ilium, ischium, 
and pubis. Before puberty, these bones are joined by eartilage, but 
they begin to fuse by midadoleseenee and are eompletely fused in 
adulthood. 

Anteriorly, the 2 pubic bones articulate with one another at the pubic 
symphysis. A fibroeartilage dise separates the 2 bones, and this joint 
allows some movement. 


eiinieal: Forensie seientists ean identify the pelvie bones of 
females and males by the structural adaptations observed in the 
pelvis for ehildbirth. The female pelvis is usually smaller, lighter, 
and thinner than its male counterpart. In females the pelvie inlet 
is oval and the outlet is larger, the pelvie eavity is wider and 
shallower, and the pubic areh is wider. The obturator foramen is 
usually oval or triangular in the female and round in the male. 
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Hip Joint: Lateral View 


Joint opened: 
lateral view 
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Hip Joint: Lateral View 


1. Lunate (articular) surface of acetabulum 

2. Articular eartilage 

3. Head of femur 

4. Ligament of head of femur (cut) 

5. Obturator membrane 

6 . Acetabular labmrn (fibrocartilaginous) 

Comment: The hip joint is a multiaxial ball-and-soeket synovial joint 
between the acetabulum and the head of the femur. The acetabular 
labmrn deepens the acetabular eavity even farther, and the fibrous 
joint capsule is reinforeed by 3 ligaments. Within the acetabulum, the 
ligament of the head of the femur attaehes to the femoral head and 
provides a pathway for a small artery derived from the obturator 
artery. 

The hip partieipates in abduction and adduction, flexion and 
extension, and rotation and circumduction. 

The ligament of the head of the femur eontains the acetabular braneh 
(artery of the round ligament of the femoral head) that arises from the 
obturator artery. 

Blood is supplied to the hip by branehes of the medial and lateral 
femoral circumflex arteries, the gluteal arteries, and the obturator 
artery. 


eiinieal: About 1.5 in 1000 infants are born with a eongenital 
hip disloeation, which affeets girls more than boys. 
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Hip Joint: Anterior and Posterior Views 

Anterior view 






/ 



/ 


Posterior view 


Lower Limb 


7-4 













Hip Joint: Anterior and Posterior Views 


1. Iliofemoral ligament (Y ligament of Bigelow) 

2 . Pubofemoral ligament 

3 . Iliofemoral ligament 

4 . Isehiofemoral ligament 

Comment: The hip joint is a multiaxial ball-and-soeket synovial joint 
between the acetabulum and the head of the femur. The acetabular 
labmrn deepens the acetabular eavity even farther, and the fibrous 
joint capsule is reinforeed by 3 ligaments. 

The iliofemoral ligament is the most important ligament reinforeing 
the hip joint. This ligament forms an inverted Y ligament (of Bigelow) 
that limits hyperextension and lateral rotation. The pubofemoral 
ligament limits extension and abduction, whereas the isehiofemoral 
ligament limits extension and medial rotation. If one notiees where 
these ligaments attaeh, one ean understand how they limit 
movement in a eertain direetion. 

The hip partieipates in abduction and adduction, flexion and 
extension, and rotation and circumduction. 


Clinical: The iliofemoral ligament is the strongest of the 
hip ligaments, and the isehiofemoral is the weakest of the 
3 ligaments. 


Lower Limb 


Atlas Plate 474 






Femiir 
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Femur 


1. Greater troehanter 

2 . Shaft (body) 

3. Lateral epieondyle 

4 . Lateral eondyle 

5. Medial eondyle 

6. Medial epieondyle 

7 . Adductor tubercle 

8 . Linea aspera (Medial lip; Lateral lip) 

9 . Lesser troehanter 

10. intertroehanterie erest 

11 . Neek 

12 . Head 

Comment: The femur, or thigh bone, is the longest bone in the 
body. When a person is standing, the femur transmits the vveight of 
the body from the hip to the tibia. 

The head of the femur articulates vvith the coxal (hip) bone at the 
acetabulum. The femoral neek is a eommon fracture site. The greater 
troehanter is the point of the hip and an attaehment site for several 
of the gluteal muscles (abductors of the thigh at the hip). The lesser 
troehanter is an attaehment site for the iliopsoas tendon, a strong 
flexor of the thigh at the hip. 


Clinical: Femoral neek fractures are eommon and often occur in 
the young from trauma and in the elderly from osteoporosis and 
an assoeiated fall. Complications are related to nonunion of the 
bone and avascular neerosis of the femoral head. 
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Tibia and Fibiila 


Anterior view 


Posterior view 
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Tibia and Fibiila 


1. Lateral eondyle 

2 . Apex, Head, and Neek of fibula 

3. Fibula 

4 . Lateral malleolus 

5 . Medial malleolus 

6 . Tibia 

7. Tibial tuberosity 

8 . Medial eondyle 

9 . Superior articular surfaces (medial and lateral faeets) 

10. Malleolar fossa of lateral malleolus 

Comment: The tibia articulates with the eondyles of the femur and 
is the weight-bearing bone of the leg. 

The smaller fibula lies posterolateral to the tibia. It exists largely for 
muscle attaehment. 

The tibial tuberosity is the insertion site for the patellar ligament 
(tendon of attaehment for the quadriceps muscles of the anterior 
thigh that extend the leg at the knee joint). 

The proximal tibiofibular joint is a plane synovial joint that permits 
limited gliding movement. The distal tibiofibular joint is a fibrous joint 
(syndesmosis), which allows almost no movement. 


eiinieal: Fractures of the tibial shaft are the most eommon 
fractures of a long bone. Because the tibia lies just beneath the 
skin along the medial border of the leg, tibial shaft fractures often 
are open injuries (in which the skin is perforated). 
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Knee: Cruciate and 
Collateral Ligaments 


Right knee in flexion: anterior vievv 





Right knee in extension: 
posterior view 
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Knee: Cruciate and 
Collateral Ligaments 


1. Anterior emeiate ligament 

2 . Popliteiis tendon 

3. Fibular eollateral ligament 

4 . Lateral meniscus 

5 . Transverse ligament of knee 

6 . Tibial eollateral ligament 

7 . Lateral meniscus 

8 . Anterior emeiate ligament 

9 . Posterior cruciate ligament 

10. Posterior cruciate ligament 

Comment: The knee is the largest and most eomplieated joint in the 
body. It is a biaxial eondylar synovial joint between the eondyles of 
the femur and tibia. It also includes a saddle joint between the femur 
and patella. 

The knee partieipates in flexion and extension. When flexed, it also 
partieipates in some gliding and rotation movements. When the knee 
extends fully, the femur rotates slightly and medially on the tibia, 
pulling eaeh of the ligaments taut and stabilizing the joint. 

The menisei, the emeiate ligaments, and the transverse ligament are 
intracapsular ligaments. The transverse ligament binds and stabilizes 
the menisei. 

Most of the blood supply to the knee is from genicular branehes of 
the popliteal artery. 


Clinical: The posterior emeiate ligament is shorter and stronger 
than the anterior emeiate; consequently, it is not tom nearly as 
often as the anterior emeiate ligament. 
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Knee: Interior (Superior View) 



Anterior aspeet 
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Knee: Interior (Superior View) 


1 . 

Lateral meniscus 

4 . 

Anterior emeiate ligament 

2 . 

lliotibial traet blended into 

5 . 

Synovial membrane 


capsule 

6 . 

Medial meniscus 

3 . 

Patellar ligament 

7 . 

Oblique popliteal ligament 


Comment: The knee is surrounded by a thin, fibrous capsule that is 
stabilized by the surrounding muscle attaehments and intracapsular 
and extracapsular ligaments. Intracapsular ligaments include the 
anterior and posterior emeiate ligaments, medial and lateral menisei, 
and transverse ligament. Extracapsular ligaments include the medial 
and lateral eollateral ligaments, patellar ligament, and arcuate and 
oblique popliteal ligaments. 

Of the 2 emeiate ligaments, the anterior is the weaker and is most 
taut when the knee is fully extended, preventing hyperextension. It 
is usually torn in hyperextension with the tibia medially (internally) 
rotated. The posterior emeiate tightens most during flexion of the 
knee, preventing excessive anterior displaeement of the femur on the 
tibia or excessive posterior displaeement of the tibia on the femur. 
Both emeiate ligaments maintain some level of tautness during 
movements of the knee. 

The tibial eollateral ligament limits extension and abduction of the 
leg and is attaehed to the medial meniscus. The fibular eollateral 
ligament limits extension and adduction of the leg. 


dinieal: Rupture of the tibial eollateral ligament, which is 
attaehed to the medial meniscus, may tear the medial meniscus. 
The medial meniscus is larger than the lateral meniscus. 
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Knee: Interior (Inferior View) 



Posterior aspeet 
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Knee: Interior (Inferíor View) 


1. Popliteus tendon 

2 . Fibular eollateral ligament 

3 . Anterior emeiate ligament 

4 . Arcuate popliteal ligament 

5 . Tibial eollateral ligament (superficial and deep parts) 

6 . Suprapatellar synovial bursa 

7 . Patellar ligament 

Comment: The knee is surrounded by a thin, fibrous capsule that is 
stabilized by the surrounding muscle attaehments and intracapsular 
and extracapsular ligaments. Intracapsular ligaments include the 
anterior and posterior emeiate ligaments, medial and lateral menisei, 
and transverse ligament. Extracapsular ligaments include the medial 
and lateral eollateral ligaments, patellar ligament, and arcuate and 
oblique popliteal ligaments. 

Of the 2 emeiate ligaments, the anterior is the weaker and is most 
taut when the knee is fully extended, preventing hyperextension. 

The posterior emeiate tightens most during flexion of the knee, 
preventing excessive anterior displaeement of the femur on the tibia 
or excessive posterior displaeement of the tibia on the femur. 


eiinieal: Rupture of the anterior emeiate ligament is a eommon 
athletie injury, usually assoeiated with a sharp turn when the 
knee is twisted medially while in extension and the foot is firmly 
on the ground. The anterior drawer test assesses this injury. If 
the anterior emeiate ligament has been injured, the tibia will 
move anteriorly more than 5 mm, indieating a positive test 
result. The anterior emeiate ligament normally limits knee 
hyperextension. The posterior emeiate ligament is most taut 
during knee hyperflexion. 
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Bones of Foot 


Lateral view 
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Bones of Foot 


1. Talus (Head; Troehlea) 

2 . Calcaneus (Body; Tuberosity) 

3. Cuboid 

4 . Navicular 

5 . Cuneiform bones 

6 . Sesamoid bone 

7 . Calcaneus (Tuberosity; Sustentaculum tali) 

8 . Phalanges 

9 . Metatarsal bones 

10 . Navicular 

Comment: The bones of the foot include the 7 tarsal bones, of 
which only the talus articulates with the leg bones. Five metatarsal 
bones articulate proximally with the tarsals and distally with the 
phalanges. Similar to the thumb, the Ist toe (big toe) has only 2 
phalanges. Toes 2 through 5 have a proximal, middle, and distal 
phalanx. 

The troehlea of the talus (ankle bone) articulates with the tibia and 
fibula, and the head of the talus articulates with the navicular bone. 
The calcaneus (heel bone) articulates with the talus superiorly and 
the cuboid anteriorly. 


Clinical: The calcaneus is the most eommonly fractured tarsal 
bone. Most ealeaneal fractures occur from a forceful landing on 
a heel, in which the talus is driven down into the calcaneus. The 
bone density of the calcaneus is less than that of the talus, which 
also contributes to its being fractured. 
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Ligaments and Tendons of Ankle: 

Lateral V ew 


Right foot: lateral view 
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Ligaments and Tendons of Ankle: 
Lateral View 



1. Anterior and Posterior tibiofibular ligaments 

2 . Superior fibular (peroneal) retinaculum 

3 . Inferior fibular (peroneal) retinaculum 

4 . Fibularis (peroneus) brevis tendon 

5 . Bifurcate ligament (Calcaneonavicular ligament; Calcaneocuboid 
ligament) 

6 . Components of lateral (eollateral) ligament of ankle (posterior 
talofibular ligament; Calcaneofibular ligament; Anterior talofibular 
ligament) 

Comment: The ankle (taloemral) joint is a hinge-type (ginglymus) 
uniaxial synovial joint between the tibia and fibula and the troehlea 
of the talus. This joint permits dorsiflexion (extension) and 
plantarflexion. Its thin, fibrous capsule is reinforeed by the medial 
(deltoid) ligament, which has 4 parts, and the lateral eollateral 
ligament, which has 3 parts. 

Of the tarsal joints, the taloealeaneal (subtalar) joint is a plane 
synovial joint between the talus and calcaneus. It permits inversion 
and eversion of the foot. 

The talocalcaneonavicular joint is a partial ball-and-soeket synovial 
joint between the head of the talus and the calcaneus and navicular 
bones (along with the calcaneocuboid joint, it forms the transverse 
tarsal joint). It is supported by the spring ligament and is important in 
gliding and rotational movements of the foot. 


Clinical: The lateral eollateral ligament is weak and often is 
sprained. It resists inversion of the foot. One or more of its 
parts may tear in the eommon inversion ankle injury; when this 
happens, the ligaments usually tear from anterior to posterior, 
with the anterior talofibular ligament being tom first. 
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Ligaments and Tendons of Ankle: 

Medial View 


Right foot: medial view 
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Ligaments and Tendons of Ankle: 
Medial View 



1. Medial (deltoid) ligament of ankle (Posterior tibiotalar part; 
Tibioealeaneal part; Tibionavicular part; Anterior tibiotalar part) 

2 . Plantar calcaneonavicular (spring) ligament 

3 . Long plantar ligament 

4 . Calcaneal (Aehilles) tendon (cut) 

Comment: The ankle (taloemral) joint is a hinge-type (ginglymus) 
uniaxial synovial joint between the tibia and fibula and the troehlea of 
the talus. This joint permits dorsiflexion (extension) and plantarflexion. 
Its thin, fibrous capsule is reinforeed by the medial (deltoid) ligament, 
which has 4 parts, and the lateral eollateral ligament, which has 
3 parts. 

The medial (deltoid) ligament has 4 parts and limits eversion of the 
foot. This ligament helps maintain the medial long areh of the foot, 
whereas the plantar calcaneonavicular (spring) ligament provides 
strong plantar support for the head of the talus (which maintains the 
areh of the foot). 


Clinical: Many ankle injuries are caused by twisting, so that the 
talus rotates in a frontal plane and impinges on either the lateral 
or medial malleolus. This movement causes a fracture of the 
malleolus and plaees tension on the supporting ligaments of 
the opposite side. 
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Ligaments and Tendons of Foot: 

Plantar View 
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Ligaments and Tendons of Foot: 
Plantar View 



1. Deep transverse metatarsal ligaments 

2 . Plantar ligaments (plates) 

3 . Plantar metatarsal ligaments 

4 . Fibiilaris (peroneus) longus tendon 

5 . Long plantar ligament 

6 . Plantar calcaneonavicular (spring) ligament 

7 . Sesamoid bones 

8 . Interphalangeal joint 

Comment: The tarsometatarsal joints are plane synovial joints. 

They eonsist of articular capsules and are strengthened by plantar, 
dorsal, and interosseous ligaments. They permit gliding and sliding 
movements. 

The metatarsophalangeal joints are multiaxial eondyloid synovial 
joints surrounded by articular capsules and strengthened by plantar 
and eollateral ligaments. They permit flexion and extension, some 
abduction and adduction, and circumduction. The plantar (plate) 
ligaments are part of the vveight-bearing surface of the foot. 

The interphalangeal joints are uniaxial hinge-type (ginglymus) synovial 
joints that also are enelosed by capsules and strengthened by 
plantar and eollateral ligaments. They permit flexion and extension. 


Clinical: Direet trauma to the foot ean result in fracture of 
the metatarsals and phalanges. These are usually treated by 
immobilization because the extensive ligament attaehments that 
stabilize these joints prevent the fragments from beeoming 
displaeed. 
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Miiseles of Lower Limb 



Lower Limb 
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Miiseles of Lower Limb 


1. Psoas major muscle 

Origin (proximal): Arises from the transverse proeesses of all 5 
lumbar vertebrae and from the sides of the T12-L5 vertebrae and the 
intervertebral dises betvveen them. 

Insertion (distal): Tapers inferiorly, erossing in front of the saemrn 
and saero-iliae joint to join vvith the iliacus muscle and to insert on 
the lesser troehanter of the femur. 

Aetion: With the iliacus, the psoas major flexes the thigh at the hip 
and is an important flexor of the trunk at the hip. Aeting alone, it 
laterally flexes the trunk ipsilaterally. 

Innervation: Ventral rami of lumbar nerves L1-3. 

Comment: The psoas major and iliacus muscles are eommonly 
referred to as the iliopsoas muscle because they aet in unison. Their 
aetion is espeeially important in flexing the trunk against gravity, as 
vvhen a person does sit-ups vvith the legs straight (hips extended). 

About half the population has a smaller muscle, the psoas minor, on 
the anterior surface of the psoas major. 


Clinical: The psoas major (iliopsoas complex) is tested elinieally 
by having the patient flex the thigh at the hip joint against 
resistanee (vvith the leg also flexed at the knee). 
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Miiseles of Lower Limb 
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Miiseles of Lower Limb 


1. Iliacus muscle 

Origin (proximal): The fan-shaped iliacus arises from the inner 
surface of the wing of the ilium (iliae fossa). 

Insertion (distal): The iliacus fibers blend with those of the psoas 
major and insert on the lesser troehanter of the femur. 

Aetion: The iliacus aets in unison with the psoas major muscle. The 
2 muscles are often ealled the iliopsoas muscle. The iliopsoas flexes 
the thigh at the hip and is an important flexor of the trunk. 

Innervation: Femoral nerve (L2, L3, and L4). 

Comment: The iliacus is innervated by branehes derived from the 
femoral nerve as this larger nerve deseends to pass into the thigh. 


eiinieal: The iliacus muscle (iliopsoas complex) is tested 
elinieally by having the patient flex the thigh at the hip joint 
against resistanee (with the leg also flexed at the knee). 
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Miiseles of Hip and Thigh: 

Lateral View 
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Miiseles of Hip and Thigh: 
Lateral View 



1. Tensor faseiae latae muscle 

Origin (proximal): Arises from the anterior superior iliae spine and 
the anterior portion of the iliae erest. 

Insertion (distal): As its name suggests, this muscle inserts into the 
iliotibial traet. This strong tendinous traet inserts on the lateral 
eondyle of the tibia. 

Aetion: This muscle flexes, abducts, and medially rotates the thigh 
at the hip. With the assistanee of the gluteus maximus, this muscle 
stabilizes the hip joint. The tensor faseiae latae also stabilizes the 
extended knee. 

Innervation: Superior gluteal nerve (L4 and L5). 

Oomment: The ehief aetion of the tensor faseiae latae is hip flexion. 
The muscle also aets with the gluteus maximus to eontrol 
anteroposterior tilting of the pelvis when 1 leg supports all of the 
body’s weight. Stabilization of the hip occurs because the muscle 
holds the femoral head in the acetabulum. The tensor faseiae latae 
also stabilizes the knee in extension. 


Clinical: This muscle helps flex the thigh at the hip, assisting 
the iliopsoas complex and rectus femoris muscle. If the iliopsoas 
complex is paralyzed, the tensor faseiae latae ean hypertrophy to 
eompensate. 

The iliotibial traet (ealled “band” by most physieians) ean beeome 
inflamed in mnners where it erosses the lateral femoral eondyle. 
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Miiseles of Thigh: Anterior View 
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Miiseles of Thigh: Anterior View 


1. Sartorius muscle 

Origin (proximal): Arises from the anterior superior iliae spine. 

Insertion (distal): Inserts on the superior portion of the medial 
surface of the tibial shaft, elose to the insertions of the graeilis and 
semitendinosus muscles. 

Aetion: The sartorius muscle erosses the hip and knee joints. 
Consequently, it is a flexor, abductor, and lateral rotator of the thigh 
at the hip joint. It is also a flexor of the leg at the knee joint. Along 
with other muscles originating from the pelvis, it helps to balanee the 
pelvis. 

Innervation: Femoral nerve (L2 and L3). 

Comment: Sartorius is Latin for “tailor.” By sitting eross-legged in 
a tailor’s position, one ean appreeiate the function of the sartorius 
muscle. 


Clinical: The sartorius muscle is the longest muscle in the 
human body. Because it erosses 2 joints, it aets on both of them 
(hip and knee). However, despite its length, the sartorius is not a 
particularly strong muscle. 
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Miiseles of Thigh: Anterior View 
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Miiseles of Thigh: Anterior View 


1. Rectus femoris muscle 

Origin (proximal): Arises by 2 separate heads, a straight head from 
the anterior inferior iliae spine and a refleeted head from the ilium 
just superior to the acetabulum. 

Insertion (distal): The tendons of origin eombine to form a fusiform 
muscle belly that inserts into the quadriceps tendon. This tendon 
inserts into the base of the patella and, by extension of the patellar 
ligament, into the tibial tuberosity. 

Aetion: This muscle aets on the knee through the patellar ligament 
and is an extensor of the leg at the knee joint. Because it also 
erosses the hip joint, it helps the iliopsoas flex the thigh at the hip. 

Innervation: Femoral nerve (L2, L3, and L4). 

Comment: The rectus femoris and the 3 vastus muscles form the 
quadriceps femoris complex. These muscles are powerful extensors 
of the knee. Of the 4 quadriceps muscles, only the rectus femoris 
erosses the hip and the knee joints. 


eiinieal: This muscle aets in eoneert with the other 3 muscles of 
the quadriceps femoris. It is tested elinieally by having the patient 
extend the leg, flexed at the knee, against resistanee. When the 
thigh is also flexed at the hip during this test, one ean see the 
eontraetion of the rectus femoris muscle. This muscle may be 
injured in sporting events where aetive kieking is required; it is 
susceptible to injury at its origin (espeeially the anterior inferior 
iliae spine). 
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Miiseles of Thigh: Anterior View 
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Miiseles of Thigh: Anterior View 


1. Vastus lateralis muscle 

Origin (proximal): Arises from the posterior aspeet of the femur, 
beginning at the greater troehanter and continuing inferiorly along the 
lateral lip of the linea aspera of the femur. 

Insertion (distal): Most of the muscle inserts into the lateral patella 
and the tendon of the rectus femoris to form the quadriceps tendon. 
The patellar ligament inserts into the tibial tuberosity. 

Aetion: Extension of the leg at the knee. 

Innervation: Femoral nerve (L2, L3, and L4). 

Comment: The vastus lateralis is 1 of the 4 muscles making up 
the quadriceps femoris extensor complex of the knee. It eovers 
essentially the entire lateral portion of the thigh. 


Clinical: This muscle aets in eoneert with the other 3 muscles 
of the quadriceps femoris and is tested elinieally by having the 
patient extend the leg, flexed at the knee, against resistanee. 
The vastus lateralis is the largest of the quadriceps muscles. 
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Miiseles of Thigh: Anterior View 
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Miiseles of Thigh: Anterior View 


1. Vastus intermedius muscle 

Origin (proximal): Arises from the anterior and lateral aspeets of 
the femoral shaft and the lateral intermuscular septum. 

Insertion (distal): Inserts into the posterior surface of the upper 
border of the patella and forms part of the quadriceps tendon. 

The patellar tendon inserts into the tibial tuberosity. 

Aetion: Extension of the leg at the knee joint. 

Innervation: Femoral nerve (L2, L3, and L4). 

Oomment: The vastus intermedius is 1 of the 4 muscles of the 
quadriceps femoris group that makes up the extensor complex of 
the knee. Tapping the patellar tendon of this extensor complex 
elieits the knee jerk reflex and tests spinal eord segments L3 and L4. 


Clinical: This muscle aets in eoneert with the other 3 muscles 
of the quadriceps femoris and is tested elinieally by having the 
patient extend the leg, flexed at the knee, against resistanee. 
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Miiseles of Thigh: Anterior View 
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Miiseles of Thigh: Anterior View 


1. Vastus medialis muscle 

Origin (proximal): Arises from the intertroehanterie line and medial 
lip of the linea aspera of the femur and from the medial intermuscular 
septum. 

Insertion (distal): Inserts into the medial border of the quadriceps 
tendon, but some of its inferior fibers insert direetly into the medial 
side of the patella. The patellar tendon inserts into the tibial 
tuberosity. 

Aetion: Extension of the leg at the knee joint. 

Innervation: Femoral nerve (L2, L3, and L4). 

Oomment: The vastus medialis is 1 of the 4 muscles of the 
quadriceps femoris complex that extends the knee. Similar to the 
vastus lateralis, the vastus medialis contributes some aponeurotic 
fibers to the knee joint capsule. 


eiinieal: This muscle aets in eoneert with the other 3 muscles 
of the quadriceps femoris and is tested elinieally by having the 
patient extend the leg, flexed at the knee, against resistanee. As 
with the other 2 vastus muscles of the quadriceps group, it is 
difficult to isolate the individual movements of these muscles. 
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Miiseles of Thigh: Anterior View 
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Miiseles of Thigh: Anterior View 


1. Pectineus muscle 

Origin (proximal): Arises from the peeten of the pubic bone. 

Insertion (distal): Inserts on the peetineal line of the shaft of the 
femur just inferior to the lesser troehanter. 

Aetion: Adducts and flexes the thigh at the hip joint and assists with 
medial rotation of the thigh. 

Innervation: Femoral nerve (L2 and L3) and oeeasionally a braneh 
from the obturator nerve. 

Oomment: The pectineus muscle is medial to the iliopsoas and 
forms a portion of the floor of the femoral triangle. The muscle is 
usually flat and quadrangular. 

The pectineus is unusual in that it is a muscle of the medial 
eompartment of the thigh (adductor muscles) but is innervated 
largely by the femoral nerve, a nerve more often assoeiated with the 
anterior eompartment of the thigh (extensors of the leg at the knee). 


Clinical: Because the pectineus muscle may have a dual 
innervation (femoral and obturator), it really is a muscle that is 
“caught” between 2 eompartments of the thigh (the anterior 
extensor and medial adductor eompartments). The femoral eanal 
lies just superficial to this muscle. 
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Miiseles of Thigh: Anterior View 
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Miiseles of Thigh: Anterior View 


1. Adductor longus muscle 

Origin (proximal): Arises from the body of the pubic bone, just 
beneath the pubic tubercle. 

Insertion (distal): Inserts onto the linea aspera of the femur. 

Aetion: Adducts the thigh and ean flex and medially rotate the 
thigh. 

Innervation: Obturator nerve via its anterior braneh (L2, L3, and L4). 

Oomment: The adductor longus is the most anterior of the 3 
adductors. It lies within the same plane as the pectineus. 


Clinical: The adductor muscles may be tested eolleetively by 
asking a patient in the supine position (lying on the baek) whose 
lower limb is extended to adduct the limb while the examiner 
holds the ankle to provide resistanee to this movement. The 
adductor muscle bellies ean be seen and palpated as the patient 
adducts the limb. 

Groin injuries are eommon in athletes and usually involve a 
pulling or tearing of the proximal attaehment (origin) of the 
anteromedial thigh muscles, espeeially the adductor group. 
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Miiseles of Thigh: Anterior View 


Deep disseetion 
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Miiseles of Thigh: Anterior View 


1. Adductor brevis muscle 

Origin (proximal): Arises from the body and inferior ramus of the 
pubis. 

Insertion (distal): Inserts into the peetineal line and proximal 
portion of the linea aspera of the femur. 

Aetion: Adducts the thigh at the hip joint and ean flex and medially 
rotate the thigh. 

Innervation: Obturator nerve (L2, L3, and L4). 

Oomment: The adductor brevis, longus, and magnus are the main 
adductors of the hip. They are helped to a small extent by the 
graeilis and pectineus. 

Branehes of the femoral and obturator arteries supply blood to these 
adductors. 


Clinical: The adductor muscles may be tested eolleetively by 
asking a patient in the supine position (lying on the baek) whose 
lower limb is extended to adduct the limb while the examiner 
holds the ankle to provide resistanee to this movement. The 
adductor muscle bellies ean be seen and palpated as the patient 
adducts the limb. 

Groin injuries are eommon in athletes and usually involve a 
pulling or tearing of the proximal attaehment (origin) of the 
anteromedial thigh muscles, espeeially the adductor group. 
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Miiseles of Thigh: Anterior View 


Deep disseetion 
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Miiseles of Thigh: Anterior View 


1. Obturator externus muscle 

Origin (proximal): This flat, triangular muscle eovers the outer 
surface of the pelvis. It arises from the margins of the obturator 
foramen and obturator membrane. 

Insertion (distal): The fibers of this broad muscle eonverge and 
course behind the neek of the femur to insert on the intertroehanterie 
fossa. 

Aetion: Laterally rotates the thigh at the hip and helps steady the 
head of the femur in the acetabulum of the pelvis. 

Innervation: Obturator nerve (L3 and L4). 

Comment: The gluteus maximus and medius muscles help the 
obturator externus rotate the hip laterally. 

This muscle lies deep in the medial eompartment of the thigh and is 
visible only when the pectineus muscle is refleeted. 


Clinical: Although it is eombined with the medial adductor 
groups of muscles, the obturator externus is really a lateral 
rotator of the thigh at the hip. During a elinieal examination, this 
lone muscle is difficult to separate from other muscles that are 
lateral rotators (some gluteal muscles). 
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Miiseles of Thigh: Anterior View 


Deep disseetion 
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Miiseles of Thigh: Anterior View 


1. Adductor magnus muscle 

Origin (proximal): This large, triangular muscle arises from the 
inferior ramus of the pubis, the ramus of the ischium, and the isehial 
tuberosity. 

Insertion (distal): Inserts into the gluteal tuberosity, linea aspera, 
medial supracondylar line, and adductor tubercle of the femur. The 
portion inserting on the supracondylar line is ealled the adductor 
portion. The portion inserting on the adductor tubercle of the femur 
is ealled the hamstring portion. 

Aetion: This muscle is a powerful adductor of the thigh at the hip. 
Its superior portion weakly flexes and medially rotates the thigh. Its 
lower portion helps extend and laterally rotate the thigh. 

Innervation: The adductor portion is innervated by the obturator 
nerve (L2, L3, and L4). The hamstring portion is innervated by the 
tibial portion of the seiatie nerve (L4). 

Comment: The most superior portion of the adductor magnus is 
ealled the adductor minimus if it forms a distinet muscle, as seen in 
this plate. 

The lowest portion of the muscle eontains an opening ealled the 
adductor hiatus, which allows the femoral vessels to pass into the 
popliteal fossa. 


eiinieal: The adductor magnus, or 1 or more of the other 
adductors, helps to keep the lower limb positioned under the 
body’s eenter of gravity (prevents one from doing the “splits”) 
and may be easily stretehed or torn when forcefully eontraeted, 
leading to a groin pull. 
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Miiseles of Thigh: Anterior View 
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Miiseles of Thigh: Anterior View 


1. Graeilis muscle 

Origin (proximal): Arises from the body and inferior ramus of the 
pubis. 

Insertion (distal): Inserts into the medial aspeet of the upper 
portion of the tibia, just below the medial eondyle. 

Aetion: Adducts the thigh, flexes the leg at the knee, and, when the 
knee is flexed, is a medial rotator. 

Innervation: Obturator nerve (L2 and L3). 

Oomment: The graeilis is a long, thin, flat muscle. It erosses the hip 
and the knee, aeting on both joints. Below the knee, its tendon of 
insertion curves forward and expands, lying in elose approximation 
to the insertions of the sartorius and semitendinosus muscles. The 
expanded insertion of the tendons of these 3 muscles is ealled the 
“pes anserinus” because the insertion resembles the foot of a goose. 


eiinieal: This muscle, along with the sartorius and 
semitendinosus muscles, helps stabilize the medial aspeet of the 
extended knee (while the tensor faseiae latae muscle and the 
iliotibial traet do this on the lateral side of the extended knee). 
The graeilis is the weakest of the medial adductor group of 
muscles. 
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Miiseles of Hip and Thigh: 

Posterior View 
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Miiseles of Hip and Thigh: 
Posterior View 



1. Gluteus maximus miisele 

Origin (proximal): This large muscle arises from the posterior 
gluteal line of the ilium, the dorsal surfaces of the saemrm and 
coccyx, and the sacrotuberous ligament. 

Insertion (distal): Most of this muscle’s fibers insert in the iliotibial 
traet, but some fibers from its lower half attaeh to the gluteal 
tuberosity of the femur. 

Aetion: This muscle is a powerful extensor and lateral rotator of the 
thigh at the hip joint. Its upper fibers may assist in abduction of the 
thigh, whereas the lower fibers adduct the thigh. 

Innervation: Inferior gluteal nerve (L5, S1, and S2). 

Comment: The gluteus maximus is the largest muscle in the body 
and the most powerful extensor of the hip. Although it is used in 
standing and walking, this muscle is most important as a powerful 
extensor at the hip when the trunk is being raised from the flexed 
position. The gluteus maximus is most important in hip extension 
when rising from a sitting position or in elimbing stairs. 


Clinical: One tests this muscle with the patient in a supine 
position with the leg extended at the knee. The underside of 
the ankle is held, and the patient is asked to extend the slightly 
raised limb at the hip against this resistanee. 
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Miiseles of Hip and Thigh: 

Posterior View 
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Miiseles of Hip and Thigh: 
Posterior View 



1. Gluteus medius miisele 

Origin (proximal): Arises from the external surface of the ilium 
between the anterior and posterior gluteal lines. 

Insertion (distal): Inserts into the greater troehanter of the femur. 

Aetion: This muscle is a strong abductor and medial rotator of the 
thigh at the hip joint. It also steadies the pelvis on the leg when the 
opposite leg is raised off the ground. 

Innervation: Superior gluteal nerve (L5 and S1). 

Oomment: The gluteus medius is a broad, thiek, fan-shaped muscle 
that, along with the gluteus minimus, is the ehief abductor of the hip 
and medial rotator. 


Clinical: The gluteus medius and minimus are tested elinieally 
with the patient in the supine position and the lower limb 
extended (straight). The examiner holds the ankle laterally and 
asks the patient to abduct (move laterally) the limb against this 
resistanee. Medial rotation is tested in the supine position by 
having the patient internally (medially) rotate the thigh against 
resistanee with the lower limb flexed at the hip and knee. 
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Miiseles of Hip and Thigh: 
Posterior View 



1. Gluteus minimus muscle 

Origin (proximal): Extemal surface of the ilium between the anterior 
and inferior gluteal lines. 

Insertion (distal): Greater troehanter of the femur. 

Aetion: The gluteus minimus abducts and medially rotates the thigh 
at the hip. Along with the gluteus medius, it steadies the pelvis on 
the leg when the opposite leg is raised from the ground. 

Innervation: Superior gluteal nerve (L5 and S1). 

Oomment: The gluteus minimus lies deeper than the gluteus 
medius. The 2 muscles are separated by deep branehes of the 
superior gluteal neurovascular bundle. 

These muscles are important in stabilizing the hip during walking. 


Clinical: The gluteus medius and minimus are tested elinieally 
with the patient in the supine position and the lower limb 
extended (straight). The examiner holds the ankle laterally and 
asks the patient to abduct (move laterally) the limb against this 
resistanee. Medial rotation is tested in the supine position by 
having the patient internally (medially) rotate the thigh against 
resistanee with the lower limb flexed at the hip and knee. 
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Miiseles of Hip and Thigh: 
Posterior View 



1. Piriformis muscle 

Origin (proximal): Arises from the anterior surface of the 2nd, 3rd, 
and 4th saeral segments and the sacrotuberous ligament. 

Insertion (distal): Inserts by a round tendon into the greater 
troehanter of the femur. 

Aetion: The piriformis abducts the flexed thigh at the hip and helps 
stabilize the hip joint. It also laterally rotates the extended thigh. 

Innervation: Ventral rami of S1 and S2. 

Oomment: The piriformis is a pyramid-shaped muscle that arises 
within the pelvis and passes through the greater seiatie foramen as it 
courses to its insertion. The saeral nerve plexus is formed largely on 
the surface of the piriformis muscle within the pelvis. In the gluteal 
region, the seiatie nerve may pass through the piriformis muscle; 
more often, it emerges just inferior to the muscle’s belly. 


eiinieal: Because of the elose relationship of the piriformis 
muscle to the large seiatie nerve, hypertrophy or spasm of this 
muscle ean eompress the seiatie nerve, causing signifieant 
pain. This is most eommon in athletes who use these muscles 
frequently (e.g., iee hoekey players, figure skaters, roek elimbers, 
eyelists). 
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Miiseles of Hip and Thigh: 
Posterior View 



1. Superior gemellus muscle 

2 . Inferior gemellus muscle 

Origin (proximal): The superior gemellus arises from the spine of 
the ischium. The inferior gemellus arises from the isehial tuberosity. 

Insertion (distal): Both muscle tendons blend with the tendon of 
the obturator internus to insert on the medial aspeet of the greater 
troehanter of the femur. 

Aetion: Both muscles laterally rotate the extended thigh and abduct 
the flexed thigh at the hip. They also steady the femoral head in the 
acetabulum. 

Innervation: The superior gemellus is supplied by the nerve to the 
obturator internus (L5 and S1). The inferior gemellus is innervated by 
a braneh of the nerve to the quadratus femoris (L5 and S1). 

eomment: The 2 small gemelli lie parallel to the obturator internus 
tendon in the gluteal region. Although eaeh muscle varies in size, the 
superior gemellus is usually smaller. 


eiinieal: The 2 gemelli and the obturator internus really form a 
“3-headed” muscle (trieeps coxae) that fills the spaee between 
the piriformis above and the quadratus femoris below. These 3 
muscles aet as a functional unit. 
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Miiseles of Hip and Thigh: 
Posterior View 



1. Obturator internus muscle 

Origin (proximal): Arises from the pelvie aspeet of the obturator 
membrane and the pelvie bones surrounding the obturator foramen. 

Insertion (distal): Medial surface of the greater troehanter of the 
femur. 

Aetion: Laterally rotates the extended thigh at the hip joint and 
abducts the flexed thigh at the hip. The muscle also steadies the 
femoral head in the acetabulum. 

Innervation: Nerve to the obturator internus (L5 and S1). 

Oomment: The obturator internus has an extensive area of origin 
from within the pelvis, but it quickly tapers into a narrow muscle belly 
and tendon. The muscle leaves the pelvis through the lesser seiatie 
foramen and courses to its insertion. Its sides are bounded by the 
2 gemelli. 


Clinical: Along with the 2 gemelli, the obturator internus forms 
the “trieeps of the hip” (trieeps coxae). These 3 muscles aet as 
a functional unit. A bursa over the posterior border of the ischium 
allows the tendon of the muscle to glide easily over this bony 
region. 


Lower Limb 


Atlas Plate 482 






Miiseles of Hip and Thigh: 

Posterior View 



Lower Limb 


7-34 












Miiseles of Hip and Thigh: 
Posterior View 



1. Quadratus femoris muscle 

Origin (proximal): Arises from the lateral border of the isehial 
tuberosity. 

Insertion (distal): Inserts on the quadrate tubercle on the 
intertroehanterie erest of the femur and inferior to it. 

Aetion: Rotates the thigh laterally. 

Innervation: Nerve to the quadratus femoris (L5 and S1). 

Oomment: As its name implies, this small, flat muscle is 
quadrilateral in shape. 

The piriformis, obturator internus, superior and inferior gemelli, and 
quadratus femoris function as short lateral rotators at the hip. All of 
these muscles insert near the troehanterie fossa and help rotate the 
extended femur laterally. They also stabilize the hip joint by steadying 
the head of the femur in the acetabulum. 


eiinieal: A troehanterie bursa proteets the muscles that insert 
at or near the greater troehanter, and inflammation of this bursa 
(bursitis) is eommon. The pain is espeeially acute when the 
patient abducts and laterally rotates the thigh at the hip against 
resistanee. 
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Miiseles of Hip and Thigh: 
Posterior View 



1. Semitendinosus muscle 

Origin (proximal): Arises from the isehial tuberosity of the pelvis. 

Insertion (distal): Its prominent tendon inserts on the medial 
surface of the superior portion of the tibia. 

Aetion: Flexes the leg at the knee and, when the knee is flexed, 
medially rotates the tibia. It also is an extensor of the thigh at the hip 
joint. VVhen the hip and knee both are flexed, the semitendinosus 
muscle ean extend the trunk. 

Innervation: Seiatie nerve, tibial division (L5, S1, and S2). 

Oomment: The semitendinosus is 1 of the 3 muscles making up the 
hamstrings. This slender muscle has a long tendon of insertion. 

The tendon of insertion eombines with the tendons of the graeilis 
and sartorius to form the pes anserinus (goose’s foot) on the medial 
aspeet of the knee joint. 


Clinical: The hamstrings are eolleetively tested by having the 
supine patient flex the limb 90° at the hip and knee and then 
further flex the knee against resistanee. Hamstring muscle pulls 
or tears are eommon athletie injuries because these muscles 
streteh aeross 2 joints. Stretehing these muscles before vigorous 
exercise is reeommended. 
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Miiseles of Hip and Thigh: 
Posterior View 



1. Semimembranosus muscle 

Origin (proximal): Arises by a thiek tendon from the isehial 
tuberosity. 

Insertion (distal): Its tendon inserts on the posteromedial aspeet of 
the medial eondyle of the tibia. The tendon of insertion also gives 
rise to a lateral expansion into the knee joint capsule, forming much 
of the oblique popliteal ligament. A few faseial expansions may 
reinforee the medial patellar retinaculum. 

Aetion: The muscle flexes the leg at the knee and rotates the flexed 
leg medially. It also extends the thigh at the hip joint. With the hip 
and knee flexed, it extends the trunk. 

Innervation: Seiatie nerve, tibial division (L5, S1, and S2). 

Comment: The semimembranosus is 1 of the 3 muscles making up 
the hamstrings. Although the muscle is tendinous at its origin and its 
insertion, the middle portion is long and flat, resembling a membrane. 


Clinical: The hamstrings are eolleetively tested by having the 
supine patient flex the limb 90° at the hip and knee and then 
further flex the knee against resistanee. Hamstring muscle pulls 
or tears are eommon athletie injuries because these muscles 
streteh aeross 2 joints. Stretehing these muscles before vigorous 
exercise is reeommended. 
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Miiseles of Hip and Thigh: 
Posterior View 



1. Bieeps femoris muscle: Short head 

2 . Bieeps femoris muscle: Long head 

Origin (proximal): The long head of this muscle arises from the 
isehial tuberosity. The short head arises from the linea aspera and 
lateral supracondylar line of the femur. 

Insertion (distal): The 2 heads of this muscle unite, and their 
eommon tendon inserts on the lateral side of the head of the fibula. 
Just before this attaehment, the tendon is split by the fibular 
eollateral ligament of the knee. 

Aetion: The bieeps femoris flexes the leg at the knee, and, after the 
knee is flexed, the muscle rotates the tibia laterally from the femur. 
The long head (but not the short head) also extends the thigh at 
the hip. 

Innervation: The long head is innervated by the seiatie nerve, tibial 
division (L5, S1, and S2). The short head is innervated by the seiatie 
nerve, eommon fibular (peroneal) division (L5, S1, and S2). 

Comment: The long head of the bieeps femoris is 1 of the 3 
muscles making up the hamstrings. Similar to the other 2 hamstring 
muscles, the long head of the bieeps femoris extends the thigh at 
the hip and flexes the leg at the knee. The long head also laterally 
rotates the leg at the knee. 

The short head of the bieeps does not eross 2 joints and is not 
innervated by the tibial division of the seiatie nerve. 


eiinieal: The hamstrings are eolleetively tested by having the 
supine patient flex the limb 90° at the hip and knee and then 
further flex the knee against resistanee. 
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Thigh Miiseles 


1. Sartorius muscle 

2 . Tensor faseiae latae muscle 

3 . Vastus lateralis muscle 

4 . Bieeps femoris muscle (Short head; Long head) 

5 . Adductor magnus muscle 

6 . Graeilis muscle 

7 . Semitendinosus muscle 

8 . Graeilis muscle 

Comment: The thigh muscles are divided into 3 eompartments. The 
anterior eompartment eontains the quadriceps femoris group, which 
extend the knee. The medial eompartment eontains the adductors 
of the thigh at the hip. The posterior eompartment eontains the 
hamstring muscles, which flex the knee and extend the hip. 

In general, muscles of the anterior eompartment are innervated by 
the femoral nerve; muscles of the medial eompartment, by the 
obturator nerve; and muscles of the posterior eompartment, by the 
seiatie nerve (mostly the tibial portion of the seiatie nerve). These 
generalizations are a good way to eategorize these thigh muscles 
and remember their innervations, but exceptions to eaeh of these 
generalizations exist for eaeh eompartment. 


Clinical: Sensory ehanges to the femoral nerve ean be deteeted 
over the anterior thigh, medial knee, and medial aspeet of the 
leg. Obturator sensory ehanges are deteeted over the medial 
thigh and seiatie nerve ehanges over the midposterior thigh, 
knee, posterolateral leg, and entire sole of the foot. 
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Miiseles of Leg: Lateral View 


1. Fibiilaris (peroneus) longus muscle 

Origin (proximal): Arises from the head and upper two-thirds of the 
lateral surface of the fibula. 

Insertion (distal): This muscle ends in a long tendon that runs 
behind the lateral malleolus and erosses obliquely on the plantar 
surface of the foot to insert at the base of the Ist metatarsal and 
medial cuneiform bone. 

Aetion: Everts the foot and is a weak plantarflexor of the foot at the 
ankle. 

Innervation: Superficial fibular (peroneal) nerve (L5, S1, and S2). 

Comment: The oblique course of the tendon aeross the plantar 
aspeet of the foot helps maintain the foot’s lateral longitudinal and 
transverse arehes. 


eiinieal: This muscle is tested elinieally by having the patient 
evert the foot against resistanee. In some individuals with 
excessively mobile ankle joints, hypereversion ean irritate the 
lateral eompartment muscles (fibularis longus and fibularis 
brevis), causing pain, swelling, and eompression of the 
neurovascular bundle. 
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Miiseles of Leg: Lateral View 


1. Fibiilaris (peroneus) brevis muscle 

Origin (proximal): Arises from the distal two-thirds of the lateral 
surface of the fibula. 

Insertion (distal): Fibers of this muscle course downward, ending 
as a tendon that passes behind the lateral malleolus and runs 
forward to insert into the tuberosity on the lateral side of the base of 
the 5th metatarsal. 

Aetion: Everts the foot and aets as a weak plantarflexor of the foot 
at the ankle joint. 

Innervation: Superficial fibular (peroneal) nerve (L5, S1, and S2). 

Comment: During walking, this muscle helps balanee the foot and 
support weight by eompensating for inversion. 


Clinical: This muscle is tested elinieally by having the patient 
evert the foot against resistanee. In some individuals with 
excessively mobile ankle joints, hypereversion ean irritate the 
lateral eompartment muscles (fibularis longus and fibularis 
brevis), causing pain, swelling, and eompression of the 
neurovascular bundle. 
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Muscles of Leg (Superficial Disseetion) 


1. Tibialis anterior muscle 

Origin (proximal): Arises from the lateral eondyle and superior half 
of the lateral surface of the tibia and from the interosseous 
membrane. 

Insertion (distal): Inserts into the medial and inferior surfaces of 
the medial cuneiform tarsal and the base of the Ist metatarsal. 

Aetion: Dorsiflexes the foot at the ankle and inverts the foot at the 
subtalar and midtarsal joints. 

Innervation: Deep fibular (peroneal) nerve (L4 and L5). 

Oomment: The tibialis anterior is the largest muscle in the anterior 
eompartment of the leg. In general, muscles of this eompartment 
dorsiflex the foot at the ankle and extend the toes. Their blood 
supply eomes largely from the anterior tibial artery and its branehes. 


eiinieal: This muscle is elinieally tested by having the patient 
dorsiflex the foot against resistanee. The muscle tendon and 
belly will be evident over the anterior leg. 

Anterior (tibial) eompartment syndrome (known as an anterior 
or a lateral “shin splint”) occurs from excessive eontraetion of 
anterior eompartment muscles. Pain radiates down the ankle 
and dorsum of the foot overlying the extensor tendons of these 
muscles. 
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Muscles of Leg (Superficial Disseetion) 


1. Extensor hallucis longus muscle 

Origin (proximal): Arises from the middle portion of the anterior 
siirfaee of the fibula and the interosseous membrane. 

Insertion (distal): Inserts on the dorsal aspeet of the base of the 
distal phalanx of the big toe. 

Aetion: Extends the big toe, assists in dorsiflexion of the foot at the 
ankle, and is a weak invertor. 

Innervation: Deep fibular (peroneal) nerve (L5 and S1). 

Comment: Most of the muscular belly of the extensor hallucis 
longus is eovered by the tibialis anterior and the extensor digitomm 
longus. 

There is also a small extensor hallucis brevis on the dorsum of the 
foot. It sends its tendon to the proximal phalanx of the big toe. This 
muscle is innervated by the deep fibular nerve and extends the 
proximal phalanx of the big toe. 


eiinieal: This muscle is elinieally tested by having the patient 
dorsiflex (extend) the big toe against resistanee. The tendon is 
seen passing to the great toe. 

Anterior (tibial) eompartment syndrome (known as an anterior 
or a lateral “shin splint”) occurs from excessive eontraetion of 
anterior eompartment muscles. Pain radiates down the ankle 
and dorsum of the foot overlying the extensor tendons of these 
muscles. 

One ean find the dorsalis pedis (artery) pulse on the dorsum of 
the foot just lateral to the tendon of this muscle. 
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Muscles of Leg (Superficial Disseetion) 


1. Extensor digitomm longus muscle 

Origin (proximal): Arises from the lateral eondyle of the tibia, most 
of the upper anterior surface of the body of the fibula, and the 
interosseous membrane. 

Insertion (distal): After passing beneath the superior and inferior 
extensor retinacula, the tendon divides into 4 slips that insert into the 
middle and distal phalanges of toes 2 through 5. 

Aetion: Extends the proximal phalanges of the lateral 4 toes and is 
a dorsiflexor of the foot at the ankle. 

Innervation: Deep fibular (peroneal) nerve (L5 and S1). 

Comment: This penniform muscle lies in the lateral part of the 
anterior eompartment of the leg. Variations are frequent. Although 
deseribed as dividing into 4 slips, or small tendons, it may send 
multiple slips to the toes. 

There is also an extensor digitomm brevis on the dorsum of the foot. 
It sends 4 small muscle slips to the 4 lateral toes. This muscle helps 
the extensor digitomm longus extend the toes. It is also innervated 
by the deep fibular nerve. 


Clinical: This muscle is tested elinieally by having the patient 
dorsiflex (extend) the 4 lateral toes against resistanee. 

Anterior (tibial) eompartment syndrome (known as an anterior 
or a lateral “shin splint”) occurs from excessive eontraetion of 
anterior eompartment muscles. Pain radiates down the ankle 
and dorsum of the foot overlying the extensor tendons of these 
muscles. 
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Miiseles of Leg: Posterior View 


1. Gastrocnemius muscle 

Origin (proximal): This muscle has 2 heads. The lateral head arises 
from the lateral aspeet of the lateral eondyle of the femur. The medial 
head arises from the posterior part of the medial eondyle and the 
popliteal surface of the femur above the medial eondyle. 

Insertion (distal): The fibers of this muscle unite to form a 
tendinous raphe. The raphe expands into a broad aponeurosis that 
unites with the tendon of the soleus and forms the ealeaneal tendon. 
The tendon attaehes to the posterior surface of the calcaneus. 

Aetion: Plantarflexes the foot at the ankle, flexes the leg at the 
knee, and raises the heel during walking. 

Innervation: Tibial nerve (S1 and S2). 

Comment: The tendon blends with that of the soleus muscle to 
form the ealeaneal tendon (tendo calcaneus, or Aehilles tendon). 


Clinical: One tests this muscle elinieally by having a supine 
patient extend the leg and plantarflex the foot against resistanee. 
The muscle bellies in the ealf should be obvious. 

Tendinitis of the ealeaneal tendon is a painful inflammation that 
often occurs in mnners who run on hills or uneven surfaces. 
Repetitive stress on the tendon occurs as the heel strikes the 
ground and when plantarflexion lifts the foot and toes. Rupture of 
the tendon is a serious injury. 
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Miiseles of Leg: Posterior View 


1. Soleus muscle 

Origin (proximal): Arises from the posterior aspeet of the head of 
the fibula, the proximal third of the posterior body of the fibula, the 
soleal line, and the medial border of the tibia. 

Insertion (distal): The muscle fibers end in an aponeurosis that 
thiekens and then narrows where it joins the gastrocnemius. The 
resulting ealeaneal tendon inserts on the posterior surface of the 
calcaneus. 

Aetion: This muscle plantarflexes the foot at the ankle and is an 
important postural muscle. Apparently, it is eonstantly aetive, even 
during quiet standing, and it aids in maintaining balanee. 

Innervation: Tibial nerve (S1 and S2). 

Comment: The upper portion of the soleus is eovered largely by the 
gastrocnemius muscle. 


Clinical: The soleus is tested elinieally by having the supine 
patient flex the limb at the hip and knee and then plantarflex the 
foot against resistanee. 

Tendinitis of the ealeaneal tendon is a painful inflammation that 
often occurs in mnners who run on hills or uneven surfaces. 
Repetitive stress on the tendon occurs as the heel strikes the 
ground and when plantarflexion lifts the foot and toes. Rupture of 
the tendon is a serious injury. 
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Miiseles of Leg: Posterior View 


1. Plantaris muscle 

Origin (proximal): Arises from the inferior end of the lateral 
supracondylar line of the femur and oblique popliteal ligament. 

Insertion (distal): This muscle’s long, slender tendon erosses 
obliquely betvveen the gastrocnemius and soleus and inserts into 
the posterior part of the calcaneus, often fusing vvith the ealeaneal 
tendon. 

Aetion: Weakly assists the gastrocnemius in plantarflexion of the 
foot at the ankle and flexion of the leg at the knee. 

Innervation: Tibial nerve (S1 and S2). 

Comment: The gastrocnemius, soleus, and plantaris form the 
superficial group of muscles in the posterior eompartment of the leg. 
The tibial nerve and posterior tibial vessels run just deep to these 
3 muscles. 


Clinical: The plantaris muscle is absent in a small proportion 
of the population (5% to 10%) and is vestigial in humans. 

The small tendon may be used for grafting, espeeially in 
reeonstmetive surgery of the hand vvhere tendons may have 
been damaged beyond repair. 
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Miiseles of Leg: Posterior View 


1. Popliteus muscle 

Origin (proximal): Arises from the lateral surface of the lateral 
eondyle of the femur and the capsule of the knee joint. This muscle 
has a tendinous attaehment to the lateral meniscus of the knee. 

Insertion (distal): Posterior surface of the tibia, superior to the 
soleal line. 

Aetion: Flexes and medially rotates the leg at the knee. When the 
limb is supporting weight, the popliteus rotates the femur laterally on 
the tibia to “unlock” the knee joint. 

Innervation: Tibial nerve (L4, L5, and S1). 

Comment: This thin, flat, triangular muscle forms the distal part of 
the floor of the popliteal fossa. 


Clinical: A small bursa lies between the tendon of this muscle 
and the lateral tibial eondyle. The popliteus tendon runs over this 
bursa and lies just deep to the fibular eollateral ligament of the 
knee joint. Onee the knee is unlocked, the popliteus assists the 
hamstrings in flexion of the leg at the knee. 
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Mtiseles of Leg 

(Deep Disseetion): Posterior 



1. Flexor hallucis longus muscle 

Origin (proximal): Arises from the inferior two-thirds of the 
posterior surface of the fibula and from the inferior portion of the 
interosseous membrane. 

Insertion (distal): Its tendon enters the foot with the tendons of the 
flexor digitomm longus and tibialis posterior. It inserts on the base of 
the distal phalanx of the big toe. 

Aetion: Flexes the distal phalanx of the big toe, plantarflexes the 
foot at the ankle, and helps propel the foot during walking or 
running. 

Innervation: Tibial nerve (S2 and S3). 

Comment: This muscle helps support the medial longitudinal areh 
of the foot. 


Clinical: This muscle is tested elinieally by having the patient 
flex the big toe, espeeially against resistanee. As this is done, 
one ean palpate the tendon of the muscle on the plantar aspeet 
of the base of the big toe. 
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Mtiseles of Leg 

(Deep Disseetion): Posterior 



1. Flexor digitomm longus muscle 

Origin (proximal): Arises from the middle portion of the posterior 
surface of the tibia inferior to the soleal line and from the faseia 
eovering the tibialis posterior. 

Insertion (distal): In the sole of the foot, the tendon divides into 4 
slips that insert on the bases of the distal phalanges of the 4 lateral 
toes. 

Aetion: Flexes the 4 lateral digits, espeeially the distal phalanges, 
allowing them to grip the ground during walking. This muscle also 
plantarflexes the foot at the ankle, aids with inversion, and helps 
support the foot’s longitudinal arehes. 

Innervation: Tibial nerve (S2 and S3). 

Comment: This muscle is situated on the tibial side of the leg. 
Along with the flexor hallucis longus tendon and tibialis posterior 
tendon, the tendon of the flexor digitomm longus courses posteriorly 
to the medial malleolus, passing deep to the flexor retinaculum. 


Clinical: This muscle is tested by having the patient plantarflex 
the toes against resistanee. As this is done, one ean palpate the 
tendons to the 4 lateral toes on the plantar aspeet of the distal 
foot. 
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Muscles of Leg 
(Deep Disseetion): Posterior 
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Mtiseles of Leg 

(Deep Disseetion): Posterior 



1. Tibialis posterior muscle 

Origin (proximal): Arises from the posterior surface of the 
interosseous membrane, the posterior aspeet of the tibia inferior to 
the soleal line, and the posterior surface of the fibula. 

Insertion (distal): Inserts on the tuberosity of the navicular bone; 
the plantar surfaces of the cuboid and cuneiform bones; and the 
bases of the 2nd, 3rd, and 4th metatarsals. 

Aetion: Plantarflexes the foot at the ankle and inverts the foot when 
the foot is not bearing weight. 

Innervation: Tibial nerve (L4 and L5). 

Comment: When the foot is bearing weight, the tibialis posterior, 
along with several other muscles, helps distribute the weight on the 
foot and helps maintain balanee. 


Clinical: One ean test this muscle by having the patient invert 
the foot against resistanee. 

The term “shin splints” refers to pain along the inner distal 
two-thirds of the tibial shaft and is a eommon syndrome in 
athletes. The primary cause is repetitive pulling of the tibialis 
posterior tendon as one pushes off the foot during mnning. 
Stress on the muscle occurs at its attaehment proximally to the 
tibia and interosseous membrane. 
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Leg: Cross Seetion 


Cross seetion jiist above middle of leg 
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Leg: Cross Seetion 


1. Tibialis anterior muscle 

2 . Extensor digitomm longus muscle 

3 . Fibularis (peroneus) brevis muscle 

4 . Gastrocnemius muscle (lateral head) 

5 . Flexor hallucis longus muscle 

6 . Flexor digitomm longus muscle 

7 . Tibialis posterior muscle 

Comment: Similar to the thigh, the leg has 3 eompartments. The 
anterior eompartment eontains the dorsiflexors of the foot. The 
lateral eompartment eontains the everters of the foot. The posterior 
eompartment eontains muscles that are largely plantarflexors of the 
foot at the ankle, flexors of the toes, and invertors of the foot. 

The anterior eompartment muscles are innervated by the deep 
fibular nerve and supplied by the anterior tibial artery. The lateral 
eompartment muscles are innervated by the superficial fibular nerve 
and supplied by the fibular artery. The posterior eompartment 
muscles are innervated by the tibial nerve and supplied by the 
posterior tibial artery. 


Clinical: The sensory area of the eommon fibular nerve is over 
the lateral and anterolateral aspeet of the leg and dorsum of the 
foot. Deep fibular nerve sensation ean be tested over the skin 
betvveen the great toe and 2nd toe dorsally. In this illustration, 
also note the small saphenous vein subcutaneously on the ealf 
(superficial to the gastrocnemius) and the great saphenous vein 
medial to the tibia. 
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Muscles of Sole of Foot: First Layer 


1. Abductor hallucis muscle 

Origin (proximal): Arises from the medial proeess of the tuberosity 
of the calcaneus and from the flexor retinaculum and plantar 
aponeurosis. 

Insertion (distal): Inserts into the medial aspeet of the base of the 
proximal phalanx of the big toe. 

Aetion: Abducts the big toe at the metatarsophalangeal joint and 
ean flex the toe. 

Innervation: Medial plantar nerve (S2 and S3). 

Oomment: The tendon of the abductor hallucis and the medial 
tendon of the flexor hallucis brevis muscle insert together. 

The Ist layer of foot muscles are eovered by medial and lateral 
plantar faseia and a eentral thiekened plantar aponeurosis (faseia). 


Clinical: Plantar faseiitis (heel spur syndrome) is a eommon 
cause of heel pain, espeeially in joggers, and results from 
inflammation of the plantar aponeurosis at its attaehment point 
to the calcaneus (cut in this figure). 
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Miiseles of Sole of Foot: First Layer 
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Muscles of Sole of Foot: First Layer 


1. Flexor digitomm brevis muscle 

Origin (proximal): Arises from the medial tubercle of the tuberosity 
of the calcaneus and from the plantar aponeurosis and intermuscular 
septa. 

Insertion (distal): This muscle gives rise to 4 tendons that are 
superficial to the tendons of the flexor digitomm longus. Within their 
digital tendon sheaths, the tendons of the brevis split to allow the 
long flexor tendons to pass to the distal phalanges. The brevis 
tendons insert on both sides of the middle phalanges of the 4 lateral 
toes. 

Aetion: This muscle flexes the 2nd (middle) phalanx of the 4 lateral 
toes. 

Innervation: Medial plantar nerve (S2 and S3). 

Comment: The arrangement of the flexor digitomm longus and 
brevis tendons in the foot is similar to that of the superficial and 
deep digital flexors in the hand. 


Clinical: Generally, unlike the muscles of the hand, the muscles 
of the sole of the foot aet as a unit to maintain balanee and the 
arehes of the foot (along with the supporting ligaments), as well 
as to assist in pushing off the ground. 
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Muscles of Sole of Foot: First Layer 
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Muscles of Sole of Foot: First Layer 


1. Abductor digiti minimi muscle 

Origin (proximal): Arises from the medial and lateral tubercles of 
the tuberosity of the calcaneus, the plantar aponeurosis, and the 
intermuscular septa. 

Insertion (distal): Its tendon and the tendon of the flexor digiti 
minimi brevis insert together into the lateral side of the base of the 
proximal phalanx of the 5th, or little, toe. 

Aetion: Abducts and helps flex the little toe at the 
metatarsophalangeal joint. 

Innervation: Lateral plantar nerve (S2 and S3). 

Oomment: Some fibers of this muscle often insert onto the 
tuberosity at the base of the 5th metatarsal as well. These fibers ean 
constitute a separate muscle named the abductor ossis metatarsi 
quinti. 


Clinical: This small toe abductor works as a unit with some 
of the other muscles of the sole to push off the ground and to 
assist in maintaining balanee. Clinically, it is difficult to isolate the 
speeifie aetions of single small foot muscles. 
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Miiseles of Sole of Foot: Seeond Layer 
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Muscles of Sole of Foot: Seeond Layer 


1. Flexor hallucis brevis muscle 

Origin (proximal): Arises from the plantar surfaces of the cuboid 
and lateral cuneiform bones. 

Insertion (distal): The muscle belly divides into 2 parts. The medial 
portion blends with the abductor hallucis and shares a medial 
sesamoid bone of the big toe to insert on the medial aspeet of the 
base of the proximal phalanx. The lateral portion blends with the 2 
heads of the adductor hallucis, sharing a lateral sesamoid bone and 
inserting on the lateral side of the base of the proximal phalanx. 

Aetion: Flexes the proximal phalanx of the big toe at the 
metatarsophalangeal joint. 

Innervation: Medial plantar nerve (S2 and S3). 

Comment: The tendons of insertion of this muscle are assoeiated 
with the 2 sesamoid bones of the big toe. 


Clinical: This large toe flexor works as a unit with some of the 
other muscles of the sole to push off the ground and to assist 
in maintaining balanee. Pushing off the “ball of the foot” is 
espeeially important, as this is the last portion of the foot to leave 
the ground. Clinically, it is difficult to isolate the speeifie aetions 
of single small foot muscles. 
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Miiseles of Sole of Foot: Seeond Layer 
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Muscles of Sole of Foot: Seeond Layer 


1. Quadratus plantae muscle 

Origin (proximal): This muscle has 2 heads. The larger medial head 
arises from the medial surface of the calcaneus; the lateral head 
arises from the lateral border of the calcaneus. 

Insertion (distal): The 2 portions of this muscle join into a flattened 
muscular band that inserts into the posterolateral margin of the 
tendon of the flexor digitomm longus. 

Aetion: This muscle helps the flexor digitomm longus flex the 
terminal phalanges of the 4 lateral toes. 

Innervation: Lateral plantar nerve (S2 and S3). 

Comment: The quadratus plantae is unique, having no equivalent 
in the hand. Its primary role is to modify the effeet of the flexor 
digitomm longus, which tends to pull obliquely aeross the foot. 

The quadratus plantae eorreets this oblique motion. 


Clinical: Like many of the muscles of the sole of the foot, this 
muscle helps with flexion of the toes and helps to maintain the 
arehes of the foot and balanee. 
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Miiseles of Sole of Foot: Seeond Layer 
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Muscles of Sole of Foot: Seeond Layer 


1. Flexor digiti minimi brevis muscle 

Origin (proximal): Arises from the base of the 5th metatarsal bone 
and the long plantar ligament. 

Insertion (distal): Inserts onto the base of the proximal phalanx of 
the little toe. 

Aetion: Flexes the proximal phalanx of the little toe at the 
metatarsophalangeal joint. 

Innervation: Superficial braneh of lateral plantar nerve (S2 and S3). 

Oomment: This muscle often resembles one of the interossei. Its 
tendon of insertion may blend laterally with that of the abductor digiti 
minimi. 


eiinieal: This small toe flexor is difficult to test independent of 
the other toe flexors. These muscles often aet as a flexor unit of 
the toes in general. 
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Miiseles of Sole of Foot: Seeond Layer 
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Muscles of Sole of Foot: Seeond Layer 


1. Lumbrical muscles 

Origin (proximal): Arise from the tendons of the flexor digitomm 
longus. The Ist, or most medial, lumbrical arises from the medial 
side of the tendon to the 2nd toe. The 2nd lumbrical arises from the 
2 tendons that flank it, and the other 2 lumbricals arise from their 
flanking tendons. 

Insertion (distal): The tendons pass below the deep transverse 
metatarsal ligaments. They are inserted into the extensor expansions 
of the extensor digitomm longus on the dorsal surface of the 
proximal phalanges. 

Aetion: Similar to the lumbricals in the hand, the lumbricals in the 
foot flex the proximal phalanges at the metatarsophalangeal joints 
and extend the 2 distal phalanges of the 4 lateral digits. 

Innervation: The Ist lumbrical is innervated by the medial plantar 
nerve (S2 and S3). The 3 lateral lumbricals are innervated by the 
lateral plantar nerve (S2 and S3). 

Comment: The lumbrical muscles in the foot aet in a manner similar 
to the lumbricals in the hand, which arise from the flexor digitomm 
profundus muscle tendons. 


Clinical: It is difficult to isolate the aetion of these muscles 
elinieally. Three of the four lumbricals are innervated by the 
lateral plantar nerve. 
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Miiseles of Sole of Foot: Third Layer 
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Miiseles of Sole of Foot: Third Layer 


1. Adductor hallucis muscle (transverse and oblique heads) 

Origin (proximal): The oblique head arises from the bases of the 
2nd to 4th metatarsal bones and the long plantar ligament. The 
transverse head arises from the plantar metatarsophalangeal 
ligaments of the 3rd, 4th, and 5th toes. 

Insertion (distal): The 2 heads of the muscle eonverge, and their 
eentral tendon blends with that of the flexor hallucis brevis and 
shares the lateral sesamoid bone with that muscle. The eommon 
tendon inserts on the lateral side of the base of the proximal phalanx 
of the big toe. 

Aetion: Adducts the big toe and flexes the proximal phalanx at the 
metatarsophalangeal joint. Also helps to maintain the transverse 
metatarsal areh of the foot. 

Innervation: Deep braneh of lateral plantar nerve (S2 and S3). 

Comment: The transverse head of this muscle does not arise from 
a bone but from plantar ligaments. 


eiinieal: A bunion (hallux valgus) often occurs in women who 
wear shoes that are too narrow. In this deformity, the Ist 
metatarsal bone is displaeed medially (varus) and the proximal 
phalanx is partially disloeated and displaeed laterally (valgus). 
The lateral sesamoid bone also is displaeed laterally. 
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Muscles of Foot 
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Mtiseles of Foot 


1. Dorsal interossei muscles 

Origin (proximal): These 4 bipennate muscles arise by 2 heads 
from adjaeent sides of the metatarsal bones. 

Insertion (distal): The Ist interosseous inserts into the medial 
aspeet of the proximal phalanx of the 2nd toe. The 2nd through 4th 
interossei insert into the lateral sides of the 2nd to 4th toes. 

Aetion: The dorsal interossei abduct the toes in relation to an 
imaginary longitudinal axis of the foot drawn through the 2nd toe. 
They also flex the proximal phalanx at the metatarsophalangeal joint 
and extend the distal phalanges. 

Innervation: Lateral plantar nerve (S2 and S3). 

Comment: Plantar and dorsal interosseous muscles form the 4th 
layer of the foot. Similar to the interossei of the hand, the dorsal 
interossei abduct the digits (toes) and extend the distal phalanges. 


Clinical: One ean test the dorsal interossei muscles by asking 
the patient to spread the toes against resistanee. Likewise, one 
ean plaee a finger between the toes, ask the patient to adduct 
the toes (done by the plantar interossei muscles), and feel the 
resistanee (muscle strength) against one’s finger. 
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Miiseles of Foot 
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Mtiseles of Foot 


1. Plantar interossei muscles 

Origin (proximal): These 3 muscles arise from the bases and 
medial sides of the bodies of the 3rd, 4th, and 5th metatarsal bones. 

Insertion (distal): They insert into the medial sides of the bases of 
the proximal phalanges of the same toes and into the dorsal digital 
aponeurosis of the tendons of the extensor digitomm longus. 

Aetion: Plantar interossei adduct the 3rd, 4th, and 5th toes toward 
the axis of the foot, an imaginary longitudinal line extending 
through the 2nd toe. They also flex the proximal phalanx at the 
metatarsophalangeal joint and extend the distal phalanges. 

Innervation: Lateral plantar nerve (S2 and S3). 

Comment: Similar to the interossei of the hand, the plantar 
interosseous muscles adduct the digits (toes) and flex the proximal 
phalanges while extending the distal phalanges. 


Clinical: One ean test these muscles by plaeing a finger 
between the toes and asking the patient to adduct the toes 
and feel the resistanee (muscle strength) against the finger. 


Lower Limb 


Atlas Plate 524 






Liimbar Plexus 
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Liimbar Plexus 


1. Subcostal nerve (T12) 

2 . Iliohypogastrie nerve 

3 . llio-inguinal nerve 

4 . Lateral femoral cutaneous nerve 

5 . Femoral nerve 

6 . Obturator nerve 

7 . Lumbosacral trnnks 

Comment: Nerves of the lumbar plexus arise from the ventral 
rami of L1-4. These nerves, along with the subcostal nerve (T12), 
innervate the muscles of the lower trunk and send branehes to 
muscles of the anterior and medial eompartments of the thigh 
(femoral and obturator nerves). 

The femoral nerve arises from L2, L3, and L4 and innervates the 
extensors of the knee. Likewise, the obturator nerve arises from L2, 
L3, and L4. In the thigh, it innervates the medial eompartment 
muscles, which are adductors of the hip. 

Similar to the eervieal plexus (C1 -4) and the braehial plexus (C5-T1), 
the lumbar plexus is a somatie nerve plexus that innervates skeletal 
muscles and eonveys sensation from the skin, muscles, and joints. 
Similar to all somatie nerves, postganglionie sympathetie fibers of 
the autonomic nervous system also travel within these nerves and 
innervate vasomotor smooth muscle and the arreetor pili smooth 
muscle assoeiated with the hair follieles in the skin. 


eiinieal: Muscles of the lower limb, like those of the upper limb, 
are derived from multiple segmental myotomes and therefore 
reeeive their innervation from several spinal eord levels. They are 
all derived from ventral rami of the respeetive spinal nerves. 
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Nerves of Gliiteal Region and Thigh: 


Posterior View 


Deep disseetion 
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Nerves of Gliiteal Region and Thigh: 
Posterior View 



1. Inferior gliiteal artery and nerve 

2 . Piidendal nerve 

3 . Posterior cutaneous nerve of thigh 

4 . Seiatie nerve 

5 . Tibial nerve 

6 . Common fibular (peroneal) nerve 

7 . Superior gluteal artery and nerve 

Comment: Nerves to the gluteal region and posterior thigh arise 
from the saeral plexus. They eome largely from the ventral rami of 
L4-S4. 


The major nerves of the gluteal region are the superior and inferior 
gluteal nerves. The largest nerve of the saeral plexus is the seiatie 
nerve, made up of ventral roots of L4-S3. The seiatie nerve 
innervates all muscles of the posterior eompartment of the thigh. 
Through its 2 terminal branehes, the tibial and eommon fibular 
(peroneal) nerves, it also innervates all muscles below the knee. 


Clinical: lntramuscular gluteal injeetions are given in the upper 
outer quadrant of the buttock to avoid injuring the seiatie nerve, 
which passes just inferior to or through the piriformis muscle in 
the middle of the gluteal region. 
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Common Fibular (Peroneal) Nerve 
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Common Fibular (Peroneal) Nerve 


1. Common fibular (peroneal) nerve (L4, L5, S1, S2) 

2 . Superficial fibular (peroneal) nerve 

3 . Medial dorsal cutaneous nerve 

4 . Intermediate dorsal cutaneous nerve 

5 . Lateral dorsal cutaneous nerve (braneh of sural nerve) 

6 . Dorsal digital nerves 

7 . Deep fibular (peroneal) nerve 

Comment: The eommon fibular nerve is a direet extension of the 
seiatie nerve. It wraps superficially around the head of the fibula and 
divides into a superficial braneh and a deep braneh. 

The superficial fibular nerve innervates muscles of the lateral 
eompartment of the leg, which are essentially involved in eversion of 
the foot. The deep fibular nerve innervates muscles of the anterior 
eompartment of the leg and muscles on the dorsum of the foot. 
These muscles are essentially dorsiflexors of the foot at the ankle 
and extensors of the toes. 


eiinieal: The eommon fibular nerve is the most eommonly 
injured nerve of the lower limb. This nerve is vulnerable to 
eompression injury, usually from direet trauma, where it wraps 
around the head of the fibula. When injured, the patient may 
present with footdrop (inability to dorsiflex at the ankle) and an 
inability to evert the foot. 
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Tibial Nerve 
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Tibial Nerve 


1. Tibial nerve (L4, L5, S1, S2, S3) 

2 . Medial sural cutaneous nerve (cut) 

3 . Medial plantar nerve 

4 . Tibial nerve 

5 . Lateral plantar nerve 

6 . Lateral sural cutaneous nerve (cut) 

7 . Common fibular (peroneal) nerve 

Comment: The tibial nerve is a direet extension of the seiatie nerve. 
It innervates muscles of the posterior eompartment of the leg and the 
intrinsie muscles on the plantar surface of the foot. The muscles of 
the posterior eompartment of the leg are essentially plantarflexors at 
the ankle and flexors of the toes. These muscles also ean partieipate 
in inversion. 


Clinical: Because of its deep loeation in the posterior 
eompartment of the leg, this nerve is relatively proteeted from 
direet trauma. It ean be injured during inflammation of the 
muscles of the posterior eompartment (eompartment syndrome) 
when swelling occurs sufficient to eompress the tibial nerve. 

A lesion to the tibial nerve may result in loss of plantarflexion and 
weakened inversion of the foot, leading to a shuffling gait. 

Laeerations on the sole of the foot may damage the terminal 
branehes of the tibial nerve, the medial and lateral plantar nerves, 
which innervate the intrinsie muscles of the foot. 
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Siiperfieial Nerves and Veins 
of Lower Limb: Anterior View 
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Siiperfieial Nerves and Veins 
of Lower Limb: Anterior View 



1 . 

Lateral femoral cutaneous 

5 . 

Dorsal metatarsal veins 


nerve 

6 . 

Dorsal venous areh 

2 . 

Saphenous opening (fossa 

7 . 

Great saphenous vein 


ovalis) 

8 . 

Saphenous nerve (terminal 

3 . 

Anterior femoral cutaneous 


braneh of femoral nerve) 


nerves of thigh (from 

9 . 

Cutaneous branehes of 


femoral nerve) 


obturator nerve 

4 . 

Branehes of lateral sural 

10 . 

Great saphenous vein 


cutaneous nerve (from 

11 . 

Femoral vein 


eommon fibular [peroneal] 
nerve) 

Comment: The cutaneous nerves of the thigh and leg are branehes 
of the femoral, obturator, and seiatie nerves. The lateral cutaneous 
nerve of the thigh arises direetly from the lumbar plexus. 

The great saphenous vein arises from a plexus of dorsal veins over 
the foot. It aseends along the medial aspeet of the leg, knee, and 
thigh to drain into the femoral vein. Numerous superficial tributaries 
drain into the great saphenous vein. Perforating branehes from the 
saphenous vein and its tributaries communicate with deep veins 
aeeompanying the femoral and tibial arteries. 

The superficial and deep veins of the lower limb, similar to the veins 
of the upper limb, possess venous valves to aid in venous return to 
the heart against gravity. 


eiinieal: The great saphenous vein may be harvested and used 
as a vessel graft (e.g., in eoronary bypass). 

The superficial veins of the lower limb may beeome varieose 
(dilated), usually because their valves beeome ineompetent and 
allow venous blood to baek up and reverse flow in the veins. 
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Siiperfieial Nerves and Veins 
of Lower Limb: Posterior View 
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Siiperfieial Nerves and Veins 
of Lower Limb: Posterior View 



1. Middle cluneal nerves (from dorsal rami of S1, S2, S3) 

2 . Branehes of posterior cutaneous nerve of thigh 

3 . Great saphenous vein 

4 . Small saphenous vein 

5 . Sural nerve 

6 . Lateral sural cutaneous nerve (from eommon fibular [peroneal] 
nerve) 

7 . Inferior cluneal nerves (from posterior cutaneous nerve of thigh) 

8 . Superior cluneal nerves (from dorsal rami of L1, L2, L3) 

eomment: The sural nerve is formed by the union of cutaneous 
nerves from the tibial and eommon fibular (peroneal) nerves. It 
courses with the small saphenous vein. 

The small saphenous vein reeeives numerous superficial tributaries. 
Perforating branehes from the small saphenous vein and its 
tributaries communicate with deep veins aeeompanying the tibial 
artery and its branehes. The small saphenous vein drains into the 
popliteal vein behind the knee. 

The superficial and deep veins of the lower limb, similar to the veins 
of the upper limb, possess venous valves to aid in venous return to 
the heart against gravity. 


eiinieal: inaetivity and venous stasis ean have grave 
consequences for the veins of the lower limb. Deep venous 
thrombosis ean result and a thromboembolus ean pass toward 
the heart and beeome lodged in the small eapillary networks of 
the lung, obstmeting a pulmonary artery. 
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Arteries of Thigh and Knee: Sehema 
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Arteries of Thigh and Knee: Sehema 


1. Femoral artery 

2 . Deep artery of thigh 

3. Superior lateral genicular artery 

4 . Anterior tibial artery 

5. Fibular (peroneal) artery (phantom) 

6 . Posterior tibial artery (phantom ) 

7 . Inferior medial genicular artery (partially in phantom) 

8 . Popliteal artery (phantom) 

9 . Medial circumflex femoral artery 

10 . Obturator artery 

Comment: The femoral artery is a continuation of the external iliae 
artery. Its deep braneh provides blood to the deep muscles of the 
thigh. 

Medial and lateral circumflex femoral branehes provide a rieh 
anastomosis around the hip joint. Similarly, a rieh anastomosis 
around the knee joint is provided by medial and lateral pairs of 
genicular arteries. 

When the femoral artery passes through the adductor hiatus of the 
adductor magnus muscle, it assumes a position behind the knee 
(popliteal fossa), beeoming the popliteal artery. Inferior to the knee, 
the popliteal artery divides into anterior and posterior tibial branehes. 


eiinieal: Arterial pulses may be taken over the proximal femoral 
artery in the femoral triangle or posterior to the knee in the 
popliteal fossa over the popliteal artery. 
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Arteries of Leg: Anterior View 
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Arteries of Leg: Anterior View 


1. Superior lateral genicular artery 

2 . Anterior tibial artery 

3 . Anterior lateral malleolar artery 

4 . Dorsal digital arteries 

5 . Arcuate artery 

6 . Medial tarsal artery 

7 . Dorsalis pedis artery 

8 . Inferior medial genicular artery 

Comment: The anterior tibial artery, a braneh of the popliteal, 
supplies the anterior eompartment of the leg and the dorsum of the 
foot. It is aeeompanied by the deep fibular (peroneal) nerve, which 
supplies the muscles of the anterior eompartment. 

At the ankle, there is a rieh anastomosis from malleolar, tarsal, and 
arcuate arteries. 


Clinical: Two pulses are eommonly taken on the distal lower 
limb. The posterior tibial pulse is felt between the medial 
malleolus and the ealeaneal tendon. The dorsalis pedis artery is 
a continuation of the anterior tibial artery, and its pulse may be 
palpated on the dorsum of the foot just lateral to the tendon of 
the extensor hallucis longus as it emerges from the extensor 
retinaculum. 
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Arteries of Leg: Posterior View 



Lower Limb 


7-70 














Arteries of Leg: Posterior View 


1. Popliteal artery and tibial nerve 

2 . Posterior tibial artery 

3 . Medial plantar artery and nerve 

4 . Lateral plantar artery and nerve 

5 . Fibiilar (peroneal) artery (Perforating braneh and Communicating 
braneh) 

6 . Fibular (peroneal) artery 

7 . Fibular (peroneal) artery 

8 . Anterior tibial artery 

Comment: The posterior tibial artery is a continuation of the 
popliteal artery. Below the knee, it gives rise to the fibular (peroneal) 
artery, which courses deep to the flexor hallucis longus muscle. 

As the posterior tibial artery passes inferiorly to the medial malleolus 
and enters the sole of the foot, it divides into medial and lateral 
plantar arteries. 

The tibial nerve aeeompanies the posterior tibial artery along most of 
its course. 


Clinical: The tibial artery pulse ean be felt midway between the 
medial malleolus and the ealeaneal tendon. This artery passes 
beneath the sustentaculum tali of the calcaneus with the tibial 
nerve and long flexor tendons. 


Lower Limb 


Atlas Plate 505 
See also Plate 528 






Arteries of Sole of Foot 
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Arteries of Sole of Foot 


1. Plantar metatarsal arteries 

2 . Deep plantar arterial areh and deep branehes of lateral plantar 
nerve 

3 . Lateral plantar artery and nerve 

4 . Medial plantar artery and nerve 

5 . Deep branehes of medial plantar artery and nerve 

6 . Superficial branehes of medial plantar artery and nerve 

7 . Plantar digital artery proper of superficial braneh of medial 
plantar artery 

Comment: The medial and lateral plantar arteries are continuations 
of the posterior tibial artery. 

The lateral plantar artery is much larger than the medial braneh. It 
forms the major portion of the plantar areh, which anastomoses with 
other plantar branehes and the dorsalis pedis artery. 

Plantar metatarsal arteries arise from this plantar areh and give rise 
to plantar digital arteries proper. 


Clinical: Puncture wounds or laeerations to the sole of the foot 
may bleed profusely because of the rieh vascular anastomoses 
of the plantar arehes. Moreover, because of the tight, deep 
eompartments eontaining tendons, muscles, and ligaments in the 
sole, eontrolling the bleeding may be problematie. 


Lower Limb 


Atlas Plate 522 
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Summary of Lower Limb Arteries 


1. Femoral artery 

2. Deep femoral (profunda femoris) artery 

3. Superior medial and lateral genicular arteries 

4. Posterior tibial artery (phantom) 

5. Anterior tibial artery 

6. Fibular artery 

7. Dorsal digital arteries 

8. Arcuate artery 

9. Dorsalis pedis artery (dorsal artery of foot) 

10. Popliteal artery 

11. Medial circumflex femoral artery 

Comment: The femoral artery is a direet continuation of the external 
iliae artery. The medial and lateral circumflex femoral arteries form an 
anastomosis around the hip joint, with a contribution from the 
obturator artery. Genicular branehes of the popliteal artery form a 
rieh anastomosis around the knee. The posterior tibial artery 
continues into the sole and divides into medial and lateral plantar 
arteries. 


Clinical: The major pulse points of the lower limb include: 

• Femoral pulse, just inferior to the inguinal ligament 

• Popliteal pulse, deep behind the knee (difficult to find) 

• Posterior tibial pulse, on the medial aspeet of the ankle 
posterior to the medial malleolus 

• Dorsalis pedis pulse, felt just lateral to the flexor hallucis 
longus muscle tendon 


Lower Limb 


[SRG] 
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